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MEMOIBS 

OF   MEKBEBS   DBOEASED   IN   1879. 

Charles  Cammsll  was  bom  in  Hull  on  10th  January  1810,  and 

died  in  London    on   12tli  January  1879,   having  just  entered  his 

seyentietb  year.     After  serving  an  apprenticeship  to  an  ironmonger 

in  Hull,  he  came  to  Sheffield  in  1830,  and  entered  the  service  of 

Messrs.  Ibbotson,  of  the  Globe  Works,  as  commercial  traveller.    In 

1B37,  in  conjunction  with  Messrs.  Thomas  and  Henry  Johnson,  he 

started  business  in  Fumival  Street,  as  steel  and  file  manufacturers, 

under  the  style  of  Johnson  Cammell  and  Co.     In  1845,  finding 

their  premises  insufficient,  they  removed  to  some  fields  near  the 

Sheffield    and    Botherham   railway   station,   now   occupied  by  the 

enormous  Cyclops  Works.      In   1852  Mr.   Thomas  Johnson   died, 

and  Mr.  Edward  Bury  became  a  partner  in  the  works.    He  retired 

in  1855,  and  the  firm  then  assumed  the  style  of  Charles  Cammell 

and  Co.    In  1861  the  manufacture  of  rails  and  railway  material  was 

added ;  and  in  1863  that  of  armour  plates.     The  business  had  now 

grown  so  large  as  to  necessitate  further  extension  and  development 

of  the  works.    Accordingly  in  1863  additional  works  were  erected 

at  Grimesthorpe,  near  Sheffield :  and  in  1864  the  firm  was  converted 

into   a  Limited   Company,   Mr.  Cammell    taking    the  position  of 

chairman,  which  he  retained  to  his  death.    Under  his  management, 

and  that  of  Mr.  Qeorge  Wilson  as  managing  director,   the  success 

of  the  Company,  in  all  departments,  was  continuous  and  brilliant. 

In  1865  they   acquired  the  Yorkshire  Iron  and  Steel   Works,  at 

Penistone,  and   in   1873  the  Oaks  Colliery,   near    Bamsley,  thus 

becoming  the  poeseMors  of  their  own  raw  material. 
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The  present  position  and  business  of  the  Company  may  be  thus 
described.  At  the  Cyclops  Works,  covering  nearly  eleven  acres,  are 
manofactored  all  kinds  of  crucible  steel,  Bessemer  steel,  and  iron. 
Armour  plates  are  also  made  here,  and  have  been  rolled  to  a 
thickness  of  24  in.,  and  to  a  weight  of  45  tons.  A  special  product  is 
Mr.  Alexander  Wilson's  compound  armour  plate,  consisting  of  an  iron 
plate  with  a  steel  face  welded  on  to  it  (see  ProceedingsU879,  p.  64). 
So  much  success  has  attended  the  development  of  this  process,  that 
the  Admiralty  and  the  War  Department  have  definitely  adopted  the 
system  in  place  of  iron  alone.  At  the  Grimesthorpe  Works,  railway 
springs,  tyres,  and  buffers,  steel  forgings,  and  steel  boiler-plates  are 
OAnufactured  upon  a  large  scale.  In  the  forge  are  several  heavy 
hanmiers,  one  of  25  tons  weight,  which  is  used  in  the  forging  of 
heavy  gun-blocks,  marine  and  mill  engine-shafts,  &c.  Here  also 
18  the  steel  foundry,  one  of  the  largest  in  the  kingdom,  capable 
of  turning  out  steel  castings  up  to  35  tons  weight,  and  having 
amongst  other  appliances  a  travelling  crane  to  lift  60  tons.  The 
Penistone  Works  are  entirely  devoted  to  the  production  of  Bessemer 
steel  from  the  converter,  and  its  manufacture  into  rails,  axles,  tyres, 
forgings,  and  ship-plates.  The  collieries  comprise  about  1100  acres, 
and  are  capable  of  raising  about  10,000  tons  of  coal  per  week, 
the  greater  part  of  which  is  consumed  at  the  various  works  of  the 
Company.  Exclusive  of  these,  the  total  area  of  land  occupied  by 
the  works  of  the  Company  is  nearly  60  acres.  Between  5000 
and  6000  men  are  employed,  and  the  weekly  production  of  iron  and 
steel  amounts  to  fully  3500  tons. 

For  some  years  before  his  death  Mr.  Cammell  had  retired  from 
the  active  management  of  the  business,  but  he  continued  to  attend 
the  directors*  meetings,  &o.  His  whole  heart  was  in  his  works, 
neither  politics  nor  local  matters  interesting  him  greatly ;  and  his 
Buocess  was  mainly  due  on  the  one  hand  to  his  unwearied  industry 
and  perseverance,  and  on  the  other  hand  to  his  skill  in  selecting 
partners  and  subordinates  specially  qualified  to  assist  him  in  the 
development  and  carrying  on  of  his  enormous  business.  He  became 
a  Member  of  the  Institution  in  October  1847,  the  first  year  of  its 
oxistonce ;  but  he  never  took  any  part  in  the  proceedings. 
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Savpson  Llotd  Foster,  second  son  of  the  late  Mr.  Sampson 
Foster,  was  bom  at  Fakenham  on  7th  August  1831,  and  died  at 
Eiling  on  3l8t  March  1879.  He  was  for  some  time  an  active 
putner  in  the  fbrm  of  Lloyds  Fosters  &  Co.,  Old  Park  Iron  Works, 
Wedneebuiy.  He  retired  from  the  firm  in  1866,  and  from  that 
time  was  chiefly  engaged  as  director  of  several  mining  and  other 
eompiiiies.    He  became  a  Member  of  the  Institution  in  1861, 

WojiiAV  Fboudx,  LL.D.,  F.R.S.,  was  bom  in  1810,  at  Partington 

PmonageyDeyonshire,  the  house  of  his  father  the  Yen.  B.  H.  Froude, 

AiehdMoon  pf  Totnes.    He  was  educated  at  Westminster  School  and 

at  Oriel  College,  Oxford,  where  he  took  a  first-class  in  mathematical 

bononn  in  1832.     He  then  became  a  pupil  of  Mr.  Henry  Bobinson 

Pilmer,  Civil    Engineer.       In   1837   he   became  an  assistant    of 

Xr.  Bnmel,  and  was  engaged  on  the  works  of  the  Bristol  and  Exeter 

Btilway  until  the  completion  of  the  line  in  1844,  being,  during  the 

litter  portion  of  the  time,  Besident  Engineer  of  the  line  on  the 

Beronshire   side  of  the  summit  tunnel.     For  family  reasons  he 

iliortly  afterwards  retired  from  the  active  pursuit  of  his  profession ; 

Imt  on  occasion  he  assisted  his  friend  Mr.  Brunei  in  engineering 

matters,  of  which  perhaps  the  most  important  was  the  investigation 

oonoeming  friction,  which  he  made  in  reference  to  the  launch  of  the 

Greai  Eagtem  steamship.      By  trial    of   a   specimen  of  the  iron 

sb'ding  surfaces,  and  by  automatic  records  of  the  movements  of  the 

akip  herself,  Mr.  Froude  proved  that  the  friction  of  the  sliding 

vuUo»  was  not  independent  of  the  velocity  as  commonly  supposed, 

Init  became   much  less    as    the   velocity  increased.     It   was   also 

in  connection    with    the    Greai  Eastern    that   he  undertook   the 

enqofry  into    the  causes    of    the    Boiling    of    Ships,    which    he 

eon^ued  during  the  subsequent  twenty  years.      The  mechanical 

poenbility  of  the  trochoidal  theory  of  ocean  waves,  the  effect  of  the 

cnmnlative  action  of  more  or  less  synchronous  waves  upon  a  ship, 

and  the  modifying  effects  of  the  resistance  which  a  ship  offers  to 

rolling,  were  worked  out  by  him.    He  also  devised  apparatus  for 

determining    the    characteristic    qualities    of   different    ships,   by 

recording  their  behaviour  when  set  rolling  in  still  water,  or  when 

rdling  in  aetnal  waves  at  sea. 
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lorin   tii<j   s<;ver;il   el< ments   of  use   ami  wusi 
stciiiu  j)()\vrr  for   tlif  propulsion  nf  sliips  :   li 
the  screw  propeller  in  its  edect  uu  tLe  btrcam 
ft  ship  :  finally  he  inyesti gated  the  circmustai 
propeller-  operates,  and  the  loss  of  power  d 
rotating  in  the  water.     It  was  in  connection 
Besistanoe  of  Ships  that  he  undertook  for  1 
the  constrnction  and  management  of  an  exp 
at  Torquay,  for  the  trial  of  models  of  ships 
series  of  exhanstive  experiments  on  the  for 
determined  the  resistance  of  models  of  mos 
built  for  the  Boyal  Navy. 

Mr.  Froude  was  a  member  of  the  Commiti 
of  War  in  1870,  and  of  the  Committee  on 
He  was  an  able  and  exact  workman,  and 
inventive  powers  are  exhibited  by  the  desi^ 
apparatus,  especially  of  the  rolling-recordii 
machinery  for  making  models  (see  Proce* 
and  of  the  several  governors  and  dynamom 
experiments;  also  in  a  marked  degree  by 
principle  of  the  marine-engine  dynamometer 
the  Bristol  Meeting  of  the  Institution,  1^ 
p.  237).     In  addition  to  the  crreftt  tukmr\n^€,  i. 
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Agrienltonl  Soeietj,  and  deyised  a  simple  dynamometer  for  recording 
the  power  delivered  to  machinery  (see  Proceedings,  1858,  p.  92). 

lb.  Fronde  became  a  Member  of  the  Institution  in  1852.  In  1876 
he  rooeived  the  gold  medal  of  the  Bojal  Society  for  ^  his  researches, 
boih  theoretical  and  experimental,  on  the  Behaviour  of  Ships,  their 
oedlktions,  their  resistance,  and  their  propulsion."  His  death, 
caoeed  by  an  attack  of  dysentery,  took  place  on  4th  May  1879,  at 
Admiralty  House,  Simon's  Town,  Cape  of  Gk)od  Hope,  where  he  had 
gooe  on  a  pleasure  trip  in  H.M.S.  Baadicea  for  the  benefit  of  his 
iKalth. 

Jaios  Hxnbt  Grbaybs  was  bom  at  Harrogate  on  7th  J]ine  1846. 
Afler  lerving  fire  years'  apprenticeship  to  Messrs.  Thwaites  and 
Oarbstt,  Bradford,  he  was  employed  by  that  firm  for  a  short  time  as 
their  representative,  and  travelled  for  them  on  the  continent.  This 
podtion  he  resigned  to  undertake  an  engagement  under  Dr.  Siemens, 
hj  whom  he  was  employed  for  several  years  in  superintending  the 
erection  of  steel  and  other  works,  both  in  this  country  and  in  Bussia. 
In  1877  he  was  appointed  manager  of  Messrs.  Bobey  &  Co.'s 
establishment  at  Breslau,  and  continued  in  that  capacity  to  the  time 
of  his  death,  which  took  place  at  Goerbersdorf,  Schlessin,  on  9th 
January  1879,  in  the  thirty-third  year  of  his  age.  He  became  a 
Uonber  of  the  Instituticm  in  1870. 

Rauph  Darlino  Gsundt  was  bom  at  Hindley  on  4th  October 
1846,  and  was  the  son  of  Mr.  Bobert  Grundy,  engineer  and  cotton 
■pnmer,  of  the  same  place.  He  served  his  apprenticeship  at  Wigan 
Uider  his  uncle,  Mr.  Peter  Johnson ;  but  at  the  age  of  nineteen 
reino?ed  to  the  Wigan  Goal  and  Iron  Co.'s  Works  at  Eirkless. 
Shortly  afterwards  he  went  on  board  Mr.  Lancaster's  yacht  Deerhound, 
^  with  her  went  up  the  Bhine.  In  1869  he  was  made  shop- 
foreman  and  chief  constructor  at  Kirkless,  under  Mr.  Peter  Johnson ; 
^  which  position  he  remained  until  the  death  of  Mr.  Thomas 
BoHnson,  one  of  the  colliery  engineers  to  the  company,  when  ho 
^■nii  chosen  to  fill  the  vacant  post  This  he  continued  to  occupy 
^  Slst  December  1878.    During  this  time  there  were  added  to  the 
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plant  of  the  Gompftnj,  under  his  snperintendence  as  c 
engineer^  the  Alexandra  Pit  at  Haigh,  the  Sovereign  Pil 
Leigh,  and  the  two  Priestners  Pits  at  West  Leigh;  re] 
oollectiyelj  winding-engine  power  of  2000  HJ^.,  and  c 
raising  4000  tons  of  fnel  per  daj.  At  the  Sovereigi 
J  erected  a  Gnihal  fan,  40  feet  diameter  by  15  feet  wide,  wit] 

case.     Undergronnd  hanling  apparatus  was  also  pnt  down  ; 
I  pits,  to  the  extent  of  abont  40  miles  of  rope.     On  the  : 

i  of  Mr.  Peter  Johnson  in  January  1879,  Mr.  Grundy  was 

to  the  entire  charge  of  the  extensive  fitting  shop  and  1 
department,  which  post  he  occupied  till  his  death  on  7th 
1879,  at  ihe  age  of  thirty-throe.     He  was  the  third  of  his  : 
engineers,  who  have  died  while  in  the  service  of  the  W 
and  Iron  Go.     He  became  a  Member  of  the  Institution  in  1 

William  Howk  was  bom  at  West  Auckland,  in  the 
Durham,  on  3rd  March  1814.  He  commenced  work  w 
thirteen  years  of  age,  and  worked  at  various  collieries  in  t 
as  a  general  carpenter  until  he  was  twenty-one  years  of  age 
then  employed  for  about  nine  months  at  the  Shildon  woi 
Stockton  and  Darlington  Railway,  as  a  millwright  and  patU 
In  1835  he  went  into  Lancashire,  where  he  worked  as  i 
maker  in  Messrs.  Jones's  works  at  Newton,  at  the  Yulcai 
near  Warrington,  and  at  Messrs.  Mather  and  Dixon's 
LiverpooL  In  1840  he  removed  to  Gateshead,  and  wor 
short  time  with  Messrs.  Hawks  Crawshay  and  Co. ;  and  i 
went  to  work  with  Messrs.  Bobert  Stephenson  and  Co.,  Nev 
Tyno,  as  a  pattern-maker.  In  1842,  whilst  in  their  e 
perfected  the  valve-gear  known  as  the  link-motion,  in 
in  which  it  has  been  almost  universally  applied  to  lo 
His  original  sketch  and  model  are  now  in  the  South  £ 
Museum.  The  full  history  of  the  invention  is  give 
introduction  to  Mr.  N.  P.  Burgh's  work  on  Link-M 
Expansion  Gear,  and  in  Mr.  D.  K.  Clark's  work  oi 
Machinery.  In  1846  he  invented  the  three-cylinder  ] 
engine,  a  patent  for  which  was  taken  out  in  the  joint 


if 
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JSi,  George  Stephenson  and  Mr.  Howe.  In  November  1846  he 
▼as  appointed  by  Mr.  George  Stephenson  to  the  post  of  engineer  at 
the  Clay  Gross  Collieries,  and  there  he  remained  nntil  his  death. 

Whilst  at  Clay  Cross  Mr.  Howe  had  abundant  scope  for  the 
deTelopment  of  his  mechanical  ability,  and  rarely  met  with  any 
difBculty  which  he  did  not  speedily  devise  some  means  to  overcome. 
In  1847  he  made  the  first  application  of  the  link-motion  to  a  winding 
engine,  using  what  he  called  the  "twin-solid"  form:  in  which 
the  link  was  composed  of  two  solid  bars,  sliding  in  curved  slots  on 
each  side  of  a  solid  block  fixed  to  the  end  of  the  valve-rod.  An 
improved  form  of  this  was  applied  to  a  large  winding-engine  erected 
at  Clay  Cross  in  1854,  and  has  been  at  work  ever  since  without 
repair  or  alteration.  In  1864,  when  designing  new  winding-engines 
for  an  extension  of  the  collieries,  he  applied  a  modification  of  his 
own  of  Allan's  straight-link  motion,  with  much  success.  Besides 
these  applications  of  the  link-motion,  he  designed  in  1849  or  1850 
a  self-acting  brake  for  winding  engines;  and  shortly  afterwards 
the  self-acting  fence  which  is  now  so  imiversally  used  at  the  top 
of  colliery  winding  shafts.  About  1867  his  health  began  to  fail, 
hnt  he  continued  in  the  discharge  of  his  duties  until  within  a 
fortnight  of  his  death,  which  took  place  on  16th  January  1879,  in 
the  sixty-fiftti  year  of  his  age. 

Mr.  Howe's  early  education  was  very  imperfect,  but  after  coming 

to  manhood  he  never  ceased  in  his  endeavours  to  improve  it.    During 

the  time  he  was  a  workman  he  employed  his  leisure  hours  in 

acquiring    mathematical    knowledge,    and   in  learning   mechanical 

^vbg,  in  which  he  soon  became  very  proficient.    He  was  a  member 

of  Council  of  the  Chesterfield  and  North  Derbyshire  Institute  of 

Engineers  (which  he  largely  assisted  in  promoting),  from  the  time  of 

its  fonnation  in  April  1871  until  his  death.    He  became  a  Member 

of  this  Institution  in  1860,  and  in  1862  gave  some  particulars  of  a 

large  Cornish  pumping  engine,  with  wrought-iron  beam,  then  in  course 

of  erection  at  Clay  Cross.     In  the  following  year  he  contributed  a 

nlnable  paper    fully  describing   this  engine   (Proceedings,   1863, 

h  248).    In  1870,  in  a  discussion  on  Midland  colliery  working,  he 

made  some  remarks  on  haulage  by  endless  chain  at  Clay  Cross.    He 
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also  contributed  a  paper  on  an  equilibrium  Blide-valve  to  tlio  Sc 
Wales  Institute  of  Engineers  in  1865,  and  a  paper  on  the  Clay  C: 
blast  furnaces  to  the  Chesterfield  Institute  in  October  1872. 
was  a  zealous  promoter  of  the  Stephenson  Memorial  Hall 
Chesterfield,  and  took  an  active  interest  in  the  local  business  of  C 
Cross.  On  17th  April  1872  he  was  presented  with  a  purse  contaii 
upwards  of  £200,  a  handsome  gold  watch,  and  an  address,  '*  as 
acknowledgment  for  practically  developing  the  invention  of  the  Li 
motion  in  August  1842." 

William  Edwabd  Newton  was  bom  in  London  on  28rd  Janv 
1818.  He  was  extensively  engaged  in  business  as  a  surveyor 
civil  engineer.  He  also  acted  as  a  patent  agent  for  a  consideri 
part  of  his  life,  and  took  great  interest  in  the  working  of 
patent  laws.  He  became  a  Member  of  the  Institution  in  18 
and  in  1878  read  a  paper  on  Tilghman's  sand-blast  pro^ 
(Proceedings  1873,  page  260).  His  death  took  place  on  1st  A 
1879,  at  the  age  of  sixty-one. 

GsoBGE  Saxon  was  bom  in  Manchester  on  20th  September  1( 
He  was  apprenticed  with  Mr.,  afterwards  Sir  William,  Fairbairi 
his  Manchester  works — an  apprenticeship  which  he  completed  to 
Fairbaim's   great   satisfaction.      Afterwards  he  superintended 
erection  of  many  of  Mr.  Fairbaim's  great  engineering  works.   In  1 
he  accepted  an  engagement  as  foreman  to  Mr.  Benjamin  Goodfel] 
Engineer,  at  Hyde,  near  Manchester.     While  in  this  employment 
1854,  he  patented  a  fusible  plug  for  steam  boilers,  which  has  pro 
highly   successful,     and    is    still    extensively  used.     In   1856 
commenced    business    in    Openshaw,   Manchester,  as  engineer 
millwright — a    business   which   increased    considerably  under 
energetic  and  skilful  management.  His  great  practical  knowledge 
him  to  make  many  improvements  in  this  department  of  engineer] 
amongst  others  an  automatic  cut-off  motion,  which  is  being  extensii 
applied  at  the  present  time.     His  death  took  place  at  his  reside 
at  Openshaw,  on  81st  October  1879,  at  the  age  of  fifty-eight, 
became  a  Member  of  the  Institution  in  1875. 
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Tlie  Thibtt-thibb  Annual  Genkbal  Mebtino  of  the  Institntion 
vaslield  at  the  Institation  of  Cml  Engineers,  London,  on  Thursday, 
22nd  January,  1880,  at  Three  o'clock  p.m. ;  John  Eobinson,  Esq., 
Betiiing  President,  in  the  chair,  succeeded  by  Edward  A.  Cowper, 
Esq.f  President  elected  at  the  Meeting. 

The  Minutes  of  the  last  Meeting  were  read,  approved,  and  signed 
by  the  President. 


London. 
Sunderland. 
Abo,  Finland. 
Deal. 


The  Presidsnt  announced  that  the  Ballot  Lists  for  the  election  of 
New  Members  had  been  opened  by  a  committee  of  the  Council,  and 
the  following  New  Members,  Associate,  and  Graduates  were  found  to 
be  duly  elected: — 

MEMBEBS. 

Michael  Mabt  Bbophy, 

John  Dickinson, 

John  Edwabd  Eageb,     . 

BOBEBT   EdWABDS, 

John  Wilfbid  de  Yillemont  Galwey,  Warrington. 
Thomas  Hawthobn,  Gateshead. 

Chables  Hodgson,  .  .     London. 

Thomas  Bell  Lightfoot,  .  Newcastle-on-Tyne. 

Edwabd  Bussell  Mobbis,        .  .     London. 
.    John  Saxbt,      ....  London. 

Joseph  Westwood,  Jun.,  .         .  London. 

BoBSBT  Wilson,         .  London. 

Febdinand  Henbt  Ziffeb,  Manchester. 
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A8S00IATE. 

Wabhimoton  Bagshawe,  .         .         •     Newcastle-on-Tjne. 

GBADUATE8. 

Peeot  Bekham,      ....     London. 

Hhts  Jenkins,  ....  Llanelly. 

The  Hon.  Chables  Aloebnon  Pabsons,  Newcastle-on-Tyne. 

John  Maokwobth  Wood,    .         .  London. 


Tho  following  Annual  Beport  of  the  Council  was  then  read  :• 


ANNUAL  BEPOBT  OF  COUNCIL. 

1880. 

Tho  Council  have  pleasure  in  laying  the  following  Annual  Beport 
before  the  Meeting,  on  this  occasion  of  the  Thirty-third  Anniversary 
of  the  Listitution. 

The  roll  of  the  Listitution  shows  that  at  the  end  of  the  year  1879 
there  were  on  the  list  1178  Members  of  all  classes,  as  compared  with 
1140  Members  of  all  classes  at  the  corresponding  period  of  the 
previous  year,  giving  an  effective  increase  of  38.  This  increase  arises 
as  follows : — there  have  been  elected  within  the  year  86  Members  of 
all  classes;  there  have  been  lost  by  deceases  17  Members  of  all 
classes,  and  by  resignation  or  removal  from  the  register  81  Members 
of  all  classes. 

The  following  Deceases  of  Members  of  the  Listitution  have 
occurred  during  the  past  year : — 

CuARLB  Gammell, Sheffield. 

BAMreoN  Lloti>  Fo6tkb, London. 

AViLXiAM  Fbocde, Torquay. 

Jaxu  Henbt  Qbkatbs. Brealau. 

Ralph  Darunq  Qrcxdt VTigan. 

WiLUAM  Howi, Clay  Crocs. 

IViLUAM  Edwakd  NcirroN London. 

liBOwa  Saxox Hancheater. 
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The  following  gentlemen  have  resigned  their  Membership  in  the 
Institution  dnring  the  past  year  : — 

Fredebigk  Babseb  (ABsociate), Leeds. 

Edwabd  Babtoh, Camforth. 

Charles  O.  Bbabdsbaw» Sheffield. 

Chables  Bell, Taganrog. 

Francis  Bebry, Sowerby  Bridge. 

Isaac  Bradley, Gonnectiout. 

Henry  Cochrakb, Middlesbrough. 

WiLUAX  Langtok  Ooke, Alfreton. 

WiLLOuoHBY  Cramfton, Sheffield. 

Fraiyx  Eters, Stourbridge. 

John  Fairlebs, Newcastle-on-Tyne. 

John  Gibson, Sunderland. 

Henry  Hind, Nottingham. 

Samuel  Jackson, Sheffield. 

Albxandeb  Frederick  Jones  (Graduate),    .    .    .    Folkestone. 

WiLUAM  Jones, Manchester. 

Edward  Rigge  Lloyd, -   .    .    Birmingham. 

Horace  Ma yhew  (Graduate), Wigan. 

William  Hall  Pbabson, Birmingham. 

Daniel  Pedoeon, London. 

Joseph  de  Rosthobn, Vienna. 

Abtuub  Spabbow, Longton. 

John  Steyenson, Middlesbrough. 

William  Weldon  Symington, Market  Harborough. 

William  Walkeb, Saltbum. 

Stuart  Cbawfobd  Wabdell, Alfireton. 

William  Weight, Lostwithiel. 

The  following  gentlemen  have  ceased  to  be  Members  of  the 
Institution  daring  the  past  year : — 

Fredebick  Ayton, Glasgow. 

John  Ck)CHBANE, London. 

Thomas  Deakin, Natal. 

James  Durib, Manchester. 

John  Habtness, Sunderland. 

Benjamin  Gabb  Lawton  (Associate), Gorbridge. 

Augustus  Stephen  Lukot, Chesterfield. 

Tbohas  Edwabd  Day  Plum, London. 
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Joseph  Stkphinson  (Graduate), TuDstall. 

Henrt  JoeKPH  West, London. 

Charles  Frederic  Trelawnt  Young, London. 


The  aocounts  for  the  past  year,  having  been  passed  by  the 
Finance  Committee,  and  having  been  audited  by  Messrs.  Eobert 
A.  McLean  &  Co.,  Public  Accountants,  are  now  submitted  to  tho 
Members  (iee  Appendix  J.).  It  will  be  seen  that  the  receipts  for 
the  year  have  been  £3782  IBs,  3(2.,  while  the  expenditure  for  the 
year  has  been  £3674  5«.  5e2.,  showing  a  balance  of  receipts  over 
expenditure  of  £108  7$.  lOd. 

A  Balance  Sheet  is  also  given,  showing  the  financial  position  of 
the  Institution  at  the  end  of  the  year.  From  this  it  will  be  seen  that 
the  total  investments  and  other  assets  amounted  to  £12,862  3«.  2d., 
and  the  total  liabilities  to  £589  lOs,  Id. ;  leaving  the  capital  of 
the  Institution  at  the  end  of  the  year  at  £12,272  12s.  Id. 

The  greater  portion  of  the  capital  of  the  Institution  is  invested,  as 
will  be  seen,  in  Four  per  cent.  Bailway  Debenture  Stocks,  regii^tered 
in  the  name  of  the  Institution  :  the  former  Trustees  having  formally 
transferred  them  to  the  Institution,  in  accordance  with  the  resolution 
passed  at  the  last  Annual  General  Meeting. 

At  the  last  Annual  Greneral  Meeting  a  sum  of  £300  was  voted 
by  the  Institution  for  the  purposes  of  Experimental  Research  on 
mechanical  questions.  The  Council,  after  full  consideration,  decided 
that  the  subjects  to  be  first  investigated  should  be  the  following  : — 
the  Hardening,  Tempering,  and  Annealing  of  Steel ;  the  Best  Form 
of  Riveted  Joints  to  resist  strain,  in  iron  or  steel,  or  in  combination  ; 
and  Friction  between  solid  bodies  at  High  Velocities.  Committees 
were  appointed  to  deal  with  each  of  these  three  subjects,  on  which 
many  gentlemen  of  scientific  eminence  consented  to  act.  In 
accordance  with  the  instructions  of  the  Council,  each  Committee 
made  it  their  first  duty  to  collect  and  collate  all  the  information 
already  available  upon  that  particular  subject.  This,  as  was  expected, 
proved  to  be  a  work  of  much  time  and  labour ;  but  it  was  at  length 
so  far  coippleted  that  each  Committee  was  able  to  present  to  the 
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Coimcil  a  Firgt  Report,  stating  the  result  of  their  investigation  into 

the  subject,  and  the  nature  of  the  experiments  \?hich  in  their  opinion 

it  was  still  desirable  to  make  upon  it.     These  Beports  have  been 

ippioyed,  and  circulated  among  the  Members ;  and  the  Council  feel 

sue  that  they  are  only  representing  the  wishes  of  the  Institution  in 

proposing  a  special  vote  of  thanks  to  the  Members  of  the  three 

Committees,  and  especially  to  the  Honorary  Beporters,  Mr.  Wm. 

Anderson,  Professor  W.  C.  Unwin,  and  Professor  A,  B.  W.  Kennedy, 

for  the  great  amount  of  time  and  labour  they  have  given,  and  for  the 

great  scientific  skill  evinced  in  the  production  of  these  Beports. 

The  following  Donations  to  the  Library  of  the  Institution  have 
been  received  during  the  past  year,  for  which  the  Council  have  the 
pleasure  of  expressing  their  thanks  to  the  Donors.  Feeling  the  great 
desirability  of  enlarging  and  improving  the  Library,  which  they  hope 
to  render  still  more  available  for  the  purposes  of  the  Institution, 
the  Gotmoil  again  invite  the  Members  to  make  donations  of  books, 
original  pamphlets,  or  reports. 

(For  List  of  Donations  see  Appendix  IL^ 

In  the  course  of  1879  the  Meetings  held  were  the  Annual  General 
Meeting,  an  April  Meeting,  and  a  June  Meeting,  all  in  London, 
the  Summer  Meeting  in  Glasgow,  and  the  Autumn  Meeting  in 
Manchester :  thus  making  five  Meetings  in  the  year,  instead  of  four  as 
heretofore.  Ten  days  in  all  were  devoted  to  the  reading  and  discussion 
of  Papers,  being  three  more  than  in  any  previous  year.  The  list  of 
Papers  is  as  follows : — 

Oa  the  CoQBtruetion  of  Armoar  to  reaiat  Shot  and  Shell ;    by  Capt.  C.  O. 

Browne,  B.A. 
^ Heslop  Engine,  a  chapter  in  the  history  of  the  Steam  Engine;  by  Mr.  H. 

A.  Fletcher. 
On  the  Economy  of  Railway  Working ;  by  Mr.  B.  Price  Williams. 
^  recent  Brake  Experiments  upon  the  Lyons  Railway ;  by  M.  Oeorge  Marid 
^  the  Effect  of  Brakes  upon  Bailway  Trains ;  by  Captain  Douglas  Galton,  C.B., 

Hon.  D.C.L.,  F.B.S.    (Third  Paper.) 
^  the  Construction  and  Comparative  Merits  of  the  Safety  Lamps  generally  in 

ose;  by  Mr.  Alan  C.  Bagot 
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On  Electric  Lighting :  by  Dr.  John  Hopkineon,  F.B.S.    (First  Paper.) 
Experiments  referriug  to  the  use  of  Iron  and  Steel  in  High-Pressure  Boilers 

by  Mr.  David  Greig  and  Mr.  Max  Eyth. 
On  the  Compoonding  of  LocomotiTe  Engines ;  by  M.  Anatole  Mulk  t. 
On  Injector  Hydrants  for  Fire  Extinction ;  by  Mr.  J.  H.  Greatbead. 
On  the  Pnenmatic  Marine  GrOTemor :  by  Mr.  D.  J.  Danlop. 
On  the  Telometer  GoTemor  for  Marine  and  Stationary  Engines ;  by  Mr.  F.  W 

Durham. 
On  the  Maintenance  of  Constant  Pressure  in  Water  Service  Pipes ;  by  Mr.  StepheE 

Alley. 
On  Barton  and  West's  Water  Pressure  Bedncer ;  by  Mr.  W.  H.  Thomas. 
On  Barton  and  Wesfs  Piston  Water  Meter;  by  Mr.  W.  H.  Thomois. 
On  the  Flow  of  Water  round  River  Bends ;  by  Professor  James  Thomson,  F.R.S. 
On  the  Forging  of  Crank  Shafts :  by  Mr.  W.  L.  £.  McLean. 
On  Watei^Power  Engines  with  Variable  Stroke ;  by  Mr.  John  Hastie. 
On  the  Working  of  Traction  Engines  in  India ;  by  Mr.  B.  £.  B.  Crompton. 
On  the  Construction  and  Working  of  a  Vertical- Action  Steam-Dredger  in  India ; 

by  Mr.  B.  K  Buckley. 
On  the  Loss  of  Power  in  the  Screw  Pn^Uer,  and  the  means  of  improving  its 

Efficiency ;  by  the  Hon.  R.  C  Parsons 
On  FireltiH  Locomotives  for  Tramways ;  by  M.  Leon  Francq. 


The  attendances  at  the  Meetings  were — at  the  AnnnAl  General 
Meeting  62  members  and  27  Tisitors;  at  the  April  Meeting  83 
members  and  73  risitors ;  at  the  Jane  Meeting  71  members  and  3d 
Tisitors ;  at  the  Sammer  Meeting  175  members  and  143  yi^itors  ;  at 
the  Antamn  Meeting  50  members  and  32  Tisitors.  At  the  April 
Meeting  the  experiment  was  tried  of  changing  the  hoar  of  meeting 
from  the  morning  to  the  eTMiing.  and  the  consequent  improvement  in 
the  attendance  was  Terj  marked. 

The  Sammer  Meeting  was  held  in  Glasgow,  and  despite  the 
seTere  depression  of  trade  proTed  thoroaghly  successful  and  enjoyable. 
The  works  of  the  City  and  district  were  freely  thrown  open  to  the 
Institution,  and  seTend  special  excursions  were  organised,  at  which 
the  Members  were  hospitably  entertained.  The  Met?ting  was  brought 
to  a  dose  by  an  excursion  in  the  steamer  Jofki.  through  the  Kyles  of 
Bote  and  up  Loch  Fyne  to  luTerarTy  on  the  kind  inTi&uion  of  tho 
LkBlitution  of  Engineers  and  Shipbuilders  in  Scotland. 
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In  accordance  with  the  Bales  of  the  Institntion,  the  President, 
two  Yioe-Presidents,  and  five  Members  of  Conncil  in  rotation,  go  out 
of  office  this  day.  The  result  of  the  ballot  for  the  Council  of  the 
year  1880-81  will  be  reported  to  the  present  Meeting. 
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APPENDIX  I. 

Dr.  ACCOUNT  OF  EXPENDITURE  AND  EECEIP': 

Expenditure.  £     «. 
To  Printing  and  Engravinfi^  Proceedings     ....      1053    8    0 

Less  Authors'. Copies  of  Papers,  repaid  ....         92    0    6  961    7 

„  Stationery,  Binding,  and  General  Printing 227    5 

„  Bent       r 550    0 

„  Salaries  and  Wages 1202  16 

„  CkMkls,  Firewood,  and  Qtks 29    5 

^  Fittings  and  Repairs 39  12 

„  Office  Furniture 49    5 

„  Postages 222    3 

„  Insurance,  2  years 6    6 

„  Law  Charges 12  12 

„  Travelling  Expenses 19  13 

„  Petty  Ezpense« 57    2 

„  Meeting  Expenses — 

Printing 47    1    0 

BepoHing 77    8    8 

Dtagrams,  Screen,  &c 32  16    0 

Travelling  ajui  Incidental  Expenses    ....        70    7    2  227  12 

„  Research 69    1 

„  Balance,  being  excess  of  Receipts  over  Expenditure   ....  108    7 


£3,782  13 


Dr.  BALANCE  SHEE 

£  s. 
To  Cash  due  to  Bank,  for  cheques  issued  but  not  presented  .  589  10 
Capital  of  the  Institution  at  this  date 12,272  12 


£12,862    3 


(Signed)        EDWARD  A.  COWPER 
EDWARD  EASTON 


} 


Finance  Committee, 
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APPENDIX  I. 

FOR  THE  YEAE  ENDING  Slsr  DECEMBER  1879.  Cr. 

Reeeiptt.  £      s.    d, 
Bj  EDtr&Doe  Fees — 

71  New  Members  at  £2 142    0    0 

1    „    Af$ociate    „  £2 2     0    0 

13    „    Graduates  „  £1 13    0    0 

3  Graduates  transferred  to  Members  (U  £i  .     .  300     160    00 

„  Subscriptions  for  1879 — 

967  Members  at  £3 2,901    0    0 

22  Associates  „  £3 66    0    0 

^9  Graduates  y^  £2 98    0    0 

3  Graduates  tram/erred  to  Members  at  £1      ,  3    0    0  3,0S8    0    0 

y.  Subscriptions  in  arrear — 

23  Members  at  £S 69    0     0 

I  Graduate  at  £2 200       71     00 

„  Subscriptions  in  adyance — 

19  Members  at  £3 57    0    0 

I  Graduate  at  £2 200       59    00 

„  Interest — 

From  Bank 747 

„     InvestmenU 351  12    8     358  17    3 

„  Reports  of  Proceedings — 

Extra  Copies  sold 65  16    0 


£3,782  13    3 


AS  AT  3l8T  DECEMBER  1879.  Or. 

£     s,   d. 

Bv  Cash— Jn  Bank 175  18    3 

„  Seeretari/'s  hands 250    0    0         425  18    3 

£3,178  Londfm  <fc  N.  W,  By,  4%  Debenture  Stock 
£2,2(jO  North  Eastern        „    „  „ 

£lym>  Midland  ,.    „  „ 

£1,800  Great  Western       „    „  „  „ 

£8,978 cost      8,868    4  11 

M  Subscriptions  in  Arrear 818    0    0 

„  Office  Furniture  and  Fittings 35000 

n  Library  and  Proceedings 2,500    0    0 

n  Drawings,  Engravings,  Models,  Specimens,  and  Sculpture  400    0    0 

£12,862    3    2 

Audited  and  CeHified  by 

BOBEBT  A  MoLEAN  &  Co.,  Aaditors,  8  Old  Jewry,  London. 
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APPENDIX  11. 


LIST  OF  DONATIONS  TO  THE  LIBRARY. 


Oa  the  Aoqiiisition  of  Railways  by  the  State,  and  on  Railway  Facts,  by  F.  T. 

Haggard ;  from  the  author. 
On  Foel,  its  Combustion  and  Economy,  by  D.  K.  Clark ;  from  the  author. 
On  Accidents  in  Kines,  by  Alan  Bagot ;  from  the  author. 
On  Experimental  Firing  at  Shields  of  55  Centimetres,  at  Specia ;  from  Captain 

English. 
On  the  Steam  Engine  of  the  Future,  by  John  Bourne ;  from  the  author. 
Charts  of  Prices  of  Iron  and  Coal  for  successiTe  years,  by  Walter  E.Wood; 

from  the  author. 
A  Trtatise  on  the  LooomotiTe  Engine,  by  C.  Pombour ;  from  Mr.  Bryan  Donkin, 

Jun. 
LTndustrie  de  la  Papeterie,  by  G.  Planch ;  from  Mr.  Bryan  Donkin,  Jun. 
On  a  SwedL«h  Calculating  Machine,  by  G.  and  E.  Schentz;  from  Mr.  Bryan 

Donkin,  Jun. 
Mechanics,  by  W.  Whewell ;  from  Mr.  Bryan  Donkin,  Jun. 
On  Canal  Navigation,  by  W.  Fairbaim ;  from  Mr.  Bryan  Donkin,  Jun. 
On  the  Steam  Engine,  by  J.  Milne;  from  Mr.  Bryan  Donkin,  Jun. 
On  the  Steam  Engine,  by  J.  Farey ;  from  Mr.  Br3ran  Donkiu,  Jun. 
Nautical  Experiments,  by  Colonel  Beaufoy ;  from  Mr.  Bryan  Donkin,  Jun. 
Various  Noe.  of  the  Philosophical  Magazine,  Vols.  L-XL ;   from  Mr.  Bryan 

Donkin,  Jun. 
Installation  du  Service  d*Eaux  Munioiiwil  de  Nijni-Novgorod,  by  L.  Poillou; 

from  the  author. 
On  Railway  Appliances,  by  J.  Wolfe  Btirry ;  from  the  author. 
On  Friction,  by  R.  U.  Thurvton;  frv^m  Mr.  V.  PeuJred. 
£tude  comparee  des  Regulatours,  by  G.  Marie ;  from  the  author. 
Revue  Industrielle,  1874-78 ;  fri^m  Mr.  Henry  Chapman. 
Annales  Industrielles,  vols.  1  and  2 ;  from  Mr.  Henry  Chapman. 
Traits  de  Me'tallurgie,  by  M.  JuUien ;  from  Mr.  Henry  Chapman. 
Reoherohes  sur  la  Composition  des  Aciers,  by  ^L  JuUieu;  from  Mr.  Henrj 

Chapman. 
Spon's  Dictionary  of  Engineering ;  from  Mr.  J.  S.  Hopkins. 
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TraTiTix  Publics  des  £tats-Unis  d'Am^que  en  1870,  by  M.  Mulezieux;  from 

Mr.  J.  8.  Hopkins. 
Essential  Hemento  of  Practical  Mechanics,  by  OJiver  Byme ;  from  Mr.  J.  •€. 

Hopkins. 
Practical  Illnstrations   of  Land  and  Marine  Engines  and    Boilers,  by  N.  P. 

Burgh;  from  lir.  J.  S.  Hopkins. 
The  Mechaniciaa  and  Constructor  for  Engineers,  by  Cameron  Knight;  from 

Mr.  J.  S.  Hopkins. 
On  Electric  Lighting  and  its  Practical  Application,  by  J.  N.  Shoolbred ;  from  the 

aothor. 
Stode oompimtive  sorle  Ponvoir  Sclairant du  Gaz  et  de  rSlectricite,  by  E.  Cose; 

from  the  Gas  Association  of  France. 
On  the  Working  of  Pankahs  in  India,  by  the  Hon.  B.  C.  Parsons ;  from  the  author. 
On  thfi  Tiansmifision  of  Vocal  and  other  Sounds  by  Wire,  by  W.  J.  Millar; 

from  the  author. 
Xote  gur  hi  Resistance  des  Tubes,  by  Theodore  Belpaire ;  fiom  the  author. 
On  the  Sanders  and  Bolitho  Continuous  Automatic  Brake ;  from  Mr.  B.  D. 

Sanders. 
Pompes  de  rExposiiion  k  Paris,  by  L.  Poillon ;  from  the  author. 
On  the  London  Water  Supply,  by  a  Civil  Engineer ;  from  Mr.  Hyde  Clarke. 
On  the  Water  Supply  of  the  Metropolis,  by  W.  Burch ;  from  Mr.  Hyde  Clarke. 
On  Sewer  Gas  and  its  Effects  (extracts) ;  from  Mr.  Hyde  Clarke. 
Report  on  the  Berdan  Machine,  by  T.  H.  Henry,  F.R.S.,  and  J.  S.  Atkinson; 

from  Mr.  Hyde  Clarke. 
Ahbaodlnngen  der  Eonigliohen  Akadcmie  der  Wissenscliaften,  Berlin;   from 

Kr.  Hyde  Clarke. 
Idttheilongen  des  Gtewerbe-vereins,  1876,  part  6 ;  from  Mr.  Hyde  Clarke. 
Kotes  on  some   Statical    Problems    connected  with  Mechanics,  by  Professor 

Kennedy  ;  from  the  author. 
On  the  Treatment  of  Steel  Plates,  by  Mr.  H.  Sharp ;  from  the  author. 
Od  the  Sea-Ports  of  France,  with  plates ;  from  the  Minister  of  Public  Works. 
I^  of  Lighthouses  &c,  in  the  Chinese  Section,  1879 ;  from  the  Secretary  of  the 

Chinese  Customs  Office. 
Oonferenco  on  Continuous  Brakes;  from  M.  D.  Banderali. 
Aeneidea,  by  James  Henry ;  from  Mr.  Thomas  E.  Henry. 
On  Improyements  in  Sulphuric  Acid  Manufacture,  by  W.  G.  Strype;  from  the 

anther. 
American  Engineering,  as  illustrated  by  the  American  Society  of  Civil  Engineers 

at  the  Paris  Exhibition,  1878 ;  from  Mr.  Edward  P.  North, 
^flport  upon  Brakes  used  on  the  Lyons  Bailway,  by  M.  Marie ;  from  the  author. 
Siperienie  sulla  Besistenza  dei  principali  Metalli  dei  Bocche  da  Fuoco,  by 
G.  Eotflet ;  from  the  Beale  Accademia  dei  Lincei,  Home. 
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On  Electricity  and  Magnetism,  by  ProfeaBor  Jenkin ;  from  the  author. 

On  Iron  and  Steel  for  ConstmctiYe  Piirpoees,  by  Daniel  Adamaon;  from  the 

author. 
On  Riveting,  by  M.  Ludewig ;  from  Dr.  Ermenyi. 
On  Differential  Brakes,  by  M.  Pechan ;  from  Dr.  Ermen3rL 
fitnde  sur  I'Exploitation  des   Chemins  de  Fer  par  T^tat,  by  F.  Jacqmin ; 

from  Mr.  Henry  Chapman. 
La  Locomotive  sans  Foyer,  by  Leon  Franoq ;  from  the  author. 
On  the  Strength  and  Elasticity  of  Materials,  by  W.  J.  Millar;  from  the  author. 
On  Steam  Ship  Efficiency,  by  Robert  Manscl ;  from  the  author. 
Index  to  our  Railway  System  and  our  Leading  lines  (third  voL),  by  William 

Fleming ;  from  the  author. 
Transmission  des  Forces  Motrices,  by  A.  Achard ;  from  the  author. 
Advantages  of  Wind,  Water,  and  Steam,  by  Samuel  B.  Croslin ;  from  Messrs. 

J.  Warner  and  Sons. 
£tudes  sur  le  Blanchlssage  da  Linge,  by  N.  Serg^ueeff ;  from  the  author. 
Annual  Report,  Public  Free  Library,  Manchester. 
Annual  Report,  Public  Free  Library,  Liverpool. 

Petition  for  Prolongation  of  Patent  on  Steel ;  from  Sir  Joseph  Whitworth. 
Our  Railways,  should    they   be  Private   or   National   Property?    by   E.  J. 

Watherston ;  from  the  author. 
On  the  Latest  Improvements  in  Marine  Engines  and  Boilers,  by  J.  B.  RavenhiU ; 

from  the  author. 
On  the  Record  of  Train  Mileage  and  Engine  Duty  on  Indian  Railways,  l^y 

G.  £.  Cardew ;  from  the  author. 
Report  on  Russian  Railways;  from  Mr.  T.  Urquhart 
On  the  Structure  of  Cast-Steel  Ingots,  by  D.  Chemoff;  from  Mr.  William 

Anderson. 

Reports  of  the  Academy  of  Sciences,  France ;  from  the  Academy. 
Reports  of  the  Royal  Academy  of  Sciences,  Belgium ;  from  the  Academy. 
Reports  of  the  Royal  Institute  of  Engineers,  Holland ;  from  the  Institute. 
Annals  of  the  IScole  des  Fonts  et  Chaussdes,  Paris ;  from  the  Directors. 
Annf^R  of  the  Conservatoire  des  Arts  et  Metiers,  Paris ;  firom  the  Directors. 
Proceedings  of  the  French  Institution  of  Civil  Engineers ;  from  the  Institution. 
Journal  of  Uie  French  Society  for  the  Encouragement  of  National  Industry ; 

from  the  Society. 
Journal  of  the  Marseilles  Scientific  and  Industrial  Society ;  from  the  Society. 
Proceedings  of  the  Engineers'  and  Architects'  Society  of  Trieste ;  from  the  Society. 
Proceedings  of  the  Engineers'  and  Architects'   Society  of  Milan;  from  the 

Society. 
Proceedings  of  the  Engineers'  and  Architects'  Society  of  Florence;  from  the 

Society. 
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ProoeedingB  of  the  Engineers'  and  Architecta'  Society  of  Canton  Vand ;  from  the 

Society. 

Proceedings  of  the  Engineers*  and  Architects'  Society  of  Austria ;  from  the  Society. 

Proceedings  of  the   Engineers'  and  Architects'  Society  of  Hanover;  from  the 
Society. 

ProoeedingB  of  the  Engineers'  and  Architects'  Society  of  Prague ;  from  the  Society. 

ProoeedingB  of  the  Indnstrial  Society  of  St.  Qnentin ;  from  the  Society. 

Proceedings  of  the  Indnstrial  Society  of  Mulhouse ;  from  the  Society. 

Proceedings  of  the  Indnstrial  Society  of  the  North  of  France ;  from  the  Society. 

Proceedings  of  the  Saxon  Society  of  Engineers ;  from  the  Society. 

Proceedings  of  the  Swedish  Society  of  Engineers ;  from  the  Society. 

Journal  of  the  Norwegian  Polyteclinic  Society ;  from  the  Society. 

Journal  of  the  Franklin  Institute ;  from  the  Institute. 

Transactions  of  the  American  Society  of  Civil  Engineers ;  from  the  Society. 

Transactions  of  the  American  Institute  of  Mining  Engineers ;  from  the  Institute. 

Beport  of  the  Smithsonian  Institution ;  from  the  Institution. 

Proceedings  of  the  Engineers'  Club  of  Philadelphia ;  from  the  Club. 

IWedings  and  Journal  of  the  Asiatic  Society  of  Bengal ;  from  the  Society. 

Beport  of  the  Sassoon  Mechanics'  Institute,  Bombay ;  from  the  Institute. 

Proceedings  of  the  Institution  of  Civil  Engineers ;  from  the  Institution. 

Journal  of  the  Iron  and  Steel  Institute ;  from  the  Institute. 

Tranactions  of  the  Society  of  Engineers ;  from  the  Society. 

Transactions   of   the    Institution   of  Civil    Engineers  of  Ireland;    from    the 
lostitntion. 

Transactions  of  the  North  of  England  ^Institute  of  Mining  and  Mechanical 
Engineers ;  from  the  Institute. 

Proceedings  of  the  South  Wales  Institute  of  Engineers ;  from  the  Institute. 
Transactions  of  the  Institution  of  Engineers  and  Shipbuilders  in  Scotland  ;  from 

the  Institution. 
TransKtions  of  the   Midland   Institute   of  Mining,   Civil,   and   Mechanical 

Engineers ;  from  the  Institute. 
ProoeedingB  of  the  Cleveland  Institution  of  Engineers ;  from  the  Institution. 
Proceedings  of  the  Chesterfield  and  Derbyshire  Institution  of  Engineers ;  from 

the  Institution. 
ProoeedingB  of  the  Boyal  Society  of  London ;  from  the  Society. 
Proceedings  of  the  Boyal  Society  of  Edinburgh ;  from  the  Society. 
Proceedings  of  the  Boyal  Institution  ;  from  the  Institution, 
'''"uisactions  of  the  Institution  of  Surveyors;  firom  tbe  Institution. 
P^^^oeedings   of  the    Association  of    Municipal    and   Sanitary   Engineers  and 

Surveyors ;  from  the  Association. 
^^nna  of  the  Boyal  United  Service  Institution ;  from  the  Institution. 
^Vpen  of  tbe  Boyal  Engineer  Institute ;  from  the  Institute. 
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Lecture  at  the  School  of  Military  EDgineering,  Chatham;  from  the  School. 
Proceedings  of  the  Royal  Artillery  Institution ;  from  the  Institution. 
^  Journal  of  the  Hoyal  Agricultural  Society  of  England ;  from  the  Society. 
Journal  of  the  Statistical  Society ;  from  the  Society. 
Beport  of  the  British  Association  fur  the  Advancement  of  Science ;  froD 

Association. 
Journal  of  the  Scientific  Association  of  France ;  from  the  Association. 
Proceedings  of  the  Scientific  and  Mechanical  Society  of  Manchester ;  froc 

Society. 
Beport  of  the  Boyal  Cornwall  Polytechnic  Society ;  from  the  Society. 
Beport  of  the  Miners'  Association  of  Cornwall  and  Devon ;  from  the  Associ 
Transactions*  of  the  Institution  of  Naval  Architects ;  from  the  Institution. 
Transactions  of  the  Boyal  Institute  of  British  Architects ;  from  the  In8titut4 
Beports  of  the  British  Association  of  Gas  Managers ;  from  the  Association. 
Beport  of  the  Manchester  Geological  Society ;  from  the  Society. 
Journal  of  the  Boyal  Scottish  Society  of  Arts ;  from  the  Society. 
Proceedings  of  the  Philosophical  Society  of  Glasgow ;  from  the  Society. 
Journal  of  the  Liverpool  Polytechnic  Society ;  from  the  Society. 
Journal  of  the  Society  of  Arts ;  from  the  Society. 
Beport  of  the  Manchester  Steam  Users'  Association;  from  Mr.  Lavingto 

Fletcher. 
Beport  of  the  Boiler  fiisnrance  and  Steam  Power  Company ;  from  the  Compi 
Beyue  G^n^rale  des  Chemins  de  Fer ;  from  the  Directors. 

The  Engineer;  from  the  Editor. 

Engineering ;  from  the  Editor. 

Iron ;  from  the  Editor. 

The  Mining  Journal ;  from  the  Editor. 

The  Bailway  Becord^;  from  the  Editor. 

The  Colliery  Guardian ;  from  the  Editor. 

The  Iron  and  Coal  Trades  Beview ;  from  the  Editor. 

The  Bailroad  Gazette ;  from  the  Editor. 

The  Engineering  and  Mining  Journal ;  from  the  Editor. 

The  Inventor's  Becord  and  Industrial  Guardian ;  {torn,  the  Editor. 

The  Univergal  Engineer ;  from  the  Editor. 

The  Marine  Engineer ;  from  the  Editor. 

The  Contract  Journal ;  from  the  Editor. 

The  Machinery  Market ;  from  the  Editor. 
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The  Pbbsidekt  wished  to  call  special  attention  to  the  paragraph 
in  the  Beport  referring  to  the  thanks  due  to  the  members  of  the 
Beeeuch  Committee,  and  especially  to  the  reporters.  All  who  had 
seen  the  reports  would  well  understand  how  much  labour  had  been 
performed,  and  how  much  care  had  been  bestowed  upon  them  by  the 
committees,  and  especially  by  the  reporters.  He  would  therefore 
ifik  the  members  to  express  their  thanks  to  those  gentlemen  by 
acclamation. 

The  Yote  of  thanks  was  passed  by  acclamation. 

The  President  said  that  the  next  point  in  the  Beport  to  which  he 
wished  to  refer  was  the  increased  number  of  meetings,  and  the  larger 
nmnber  of  papers  read  during  the  year.  This,  joined  with  the  expense 
of  the  Besearch  Committee,  had  involyed  an  increased  expenditure, 
and,  in  consequence,  the  balance  of  receipts  over  expenditure  was 
TerygmaU  for  the  past  year.  It  was  therefore  to  be  hoped  that 
CTery  member  of  the  Institution  would  do  his  best  to  increase  the 
Qomber  of  members,  so  as  to  afford  the  means  of  pursuing  Besearch 
(arery  important  part  of  the  work  of  the  Institution),  and  also  of 
increasing  their  number  of  papers,  without  feeling  that  they  were 
ftlwajB  on  the  limit  of  their  means  of  expenditure.  He  would  now 
pot  the  adoption  of  the  Beport  to  the  meeting. 

The  motion  was  carried  unanimously. 

Mr.  Daniel  Adamson  would  like  to  call  to  the  remembrance  of  the 

meeting  the  character  of  the  late  Mr.  William  Howe,  whose  name  had 

been  read  among  the  deceased  members  of  the  Institution.    He  had 

known  Mr.  Howe  personally  when  he  was  a  pattern-maker  on  the 

oldest  railway  in  the  country — ^the  Stockton  and  Darlington, — and 

before  he  gave  to  the  world  the  reversing  link,   now  almost  the 

universal  mode  of  manipulating  the  locomotive  engine  throughout  the 

civilised  world.     In  him  the  Institution  had  lost  a  most  industrious 

man,  a  very  careful  thinker,  and  a  sound  practical  mechanic.    At 

the  request  of  the  President,  he  would  not  now  attempt  to  describe 

his  career,  but  should  be  pleased  to  contribute  a  short  account  for 

publication  amongst  the  other  memoirs  in  the  Proceedings  of  the 

Institution. 
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The  President  announced  that  the  Ballot  Lists  for  the  ele< 
of  Officers  had  been  opened  by  a  committee  of  the  Council,  and 
following  members  of  Council  were  found  to  be  elected  for 
present  year : — 

PRESIDENT. 

Edward  A.  Cowper,       .         .         .     London. 

yiOE-PRBSIDENTS. 

Jeremiah  E[ead,     ....     Middlesbrough. 
Percy  G.  B.  Westmaoott,  .  Newcastle-on-Tyne 

MEttBERS   OF   COUNCIL. 

Daniel  Adabison,  ....  Manchester. 

Edward  Easton,  .  .  London. 

J.  Hawthorn  Eitson,  .  Leeds. 

William  Menelaus,  .  .  Dowlais. 

Joseph  Tomlinson,  Juk.,  .         .  London. 

B.  Price  Williams,  .         .         .  London. 

The  Council  for  the  present  year  would  therefore  Ix 
follows : — 

president. 
Edward  A.  Cowper,        •         .         .     London. 

PAST-PRESIDENTSw 

Sir    William     G.     Armstrong,    C.B., 

D.C.L.,  LL.D.,  F.B.S.,.         .         .     Newcastle-on-Tyno. 
Frederick  J.  Bramwell,  F.B.S.,  London. 

Thomas  Hawkslet,  F.B.S.,      .         .     London. 
James  Ejennedy,         .         .         .  Liverpool. 

John  Bamsbottom,  .         .         .     Alderley  Edge. 

John  Bobinson,  «         .         .  Manchester. 

G.  William  Siemens,  D.CX.,  F.B.S.,     London. 
Sir  Joseph  Whitworth,  Bart.,  IXCL., 

LL.D.,  F.B.S.,        .         •         •  Manchester. 
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VICE-PRESIDENTS. 

I.  LowTHiAN  Bell,  M.P.,  F.R.S., 

Charles  Cochrane,    . 

Jbbemlah  Head,     .... 

Charles  P.  Stewart,  .  : 

Francis  W.  Webb, 

Percy  G.  B.  Westmacott, 


Northallerton. 

Stourbridge. 

Middlesbrough. 

Sunninghill. 

Crewe. 

Ne  wcast]  e-on-Ty  ne. 


council. 
Daniel  Adamson,  . 
William  Anderson,  . 
Henrt  Chapman,  . 
Thomas  B.  Crami^ox, 
Edward  Easton,    . 
David  Greio,    •         .  .  . 

Thomas  B.  Hstherinoton, 
J.  Hawthorn  Ettson, 
William  Msnslaus, 
Arthur  Paget, 
John  Penn,  .... 
George  B.  Bennib,    . 
William  Biohai^son, 
Joseph  Tomlinson,  Jun., 
B.  Price  Williams, 


Manchester. 

London. 

London. 

London. 

London. 

Leeds. 

Manchester. 

Leeds. 

Dowlais. 

Loughborough. 

London. 

London. 

Oldham. 

London. 

London. 


The  President  said  that,  whether  he  was  guilty  of  an  irregularity 
or  not  in  doing  what  he  now  proposed,  he  could  not  vacate  the  chair, 
and  ask  his  friend  Mr.  Cowper  to  occupy  it,  without  saying  a  few 
words  in  expression  of  gratitude  for  the  way  in  which  he  had  been 
treated  by  the  Council,  by  the  Members,  and  by  the  officers,  during 
his  two  years  of  office.  They  had  passed  through  rather  turbulent 
times,  not  turbulent  at  all  in  the  sense  of  disputes  and  quarrelling, 
bnt  there  had  been  a  great  many  alterations  in  the  regulations  and  in 
the  position  of  the  Institution  during  his  presidency;  and  during 
thmt  time  he  had  not  had  a  single  difficulty  arising  to  himself 
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personally,  from  the  action  of  any  member  of  the  Council,  or  of 
member  or  any  officer  of  the  Institution.  He  desired  then 
Heartily  to  express  to  each  of  them  bis  tbanks  for  the  way  in  w 
be  bad  been  treated  during  bis  occupation  of  tbe  cbair.  He  w 
now  ask  Mr.  Cowper,  wbo  was  better  known  to  many  of  tbe  mem 
of  tbe  Institution  tban  bimself,  to  take  tbe  vacant  cbair. 

Tbe  cbair  was  tben  taken  by  Mr.  E.  A.  Cowpeb. 

Mr.  A.  Paget  said  tbat,  at  tbe  request  of  tbe  newly-elected  Presi 
of  tbe  Institution, — and  be  was  sure  be  migbt  say  on  bebalf  of  e^ 
one  present  also, — ^be  begged  to  propose  an  earnest  and  sincere  ' 
of  tbanks  to  tbe  retiring  President,  Mr.  Bpbinson.  (Applause.) 
was  quite  unnecessary  to  waste  tbeir  time  by  many  words,  for 
mere  mention  of  wbat  be  bad  to  propose  bad  already  elicited 
expression  of  approval  from  all  present,  wbicb  be  knew  woulc 
straight  to  Mr.  Bobinson's  beart.  Tbey  must  all  bave  felt,  \i 
tbat  gentleman  was  in  tbe  cbair  at  tbeir  meetings,  wbat  an  admir 
President  be  bad  made.  Wben  belp  or  support  of  any  kind  bad  t 
given,  it  bad  been  given  witb  all  heartiness,  and  as  if  it  came  from 
man  himself ;  and  when  he  bad  to  call  any  of  them  to  order,  tbey 
all  felt  tbat  it  was  tbe  President  doing  it,  and  tbat  be  was  right 
they  were  wrong.  With  regard  to  tbe  work  of  tbe  Coimcil,  they 
to  make,  in  consequence  of  tbeir  desire  to  consolidate  tbeir  posi 
in  London,  a  great  many  changes ;  and  a  great  deal  of  care  bad  1 
required  to  work  correctly  under  the  new  system,  as  an  incorpor 
Institution.  He  wished  be  could  convey  to  tbe  Members  tbe  sti 
belief  which  he  entertained,  and  wbicb  be  knew  the  whole  Cou 
also  entertained,  tbat  any  success  tbey  had  bad  in  that  direc 
had  been  due,  first  to  Mr.  Hobinson  s  extensive 'experience,  and  : 
to  tbe  way  in  which  he  had  thrown  bimself  heart  and  soul  into 
work.  Nothing  bad  been  too  great  for  him,  and  nothing  bad  1 
too  small.  He  therefore  asked  tbe  members  to  pass  a  hearty  vot 
thanks  to  Mr.  Eobinson  for  his  two  years'  labour ;  and  he  might 
a  hope,  that  it  would  be  followed  by  many  years  of  further  lal 
as  Past-President. 
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The  Pbbsident  said  lie  took  it  for  granted  that  the  motion  was 
seconded  by  every  member  present,  and  he  would  at  once  pat  it 
to  the  meeting. 

The  motion  was  carried  by  acclamation. 

Mr.  HoBiKSON  said  he  had  scarcely  words  to  say  how  mnch  he  felt 

the  manner  in  which  Mr.  Paget  had  been  good  enough  to  propose  the 

thanb  of  the  Institution  for  the  services  he  had  been  able  to  render 

during  the  time  of  his  presidency.    He  felt  that  he  had  been  only  the 

execatiye  instrument  of  the  Council  and  of  the  Members  of  the 

loBtifeationy  in  doing  a  large  amount  of  the  work  which  had  been  done 

during  the  past  two  years ;  and  as  far  as  he  was  personally  concerned, 

he  considered  himself  to  have  been  very  happy  in  occupying  the 

chair  of  the  Institution  when  so  much  had  been  done  which,  as  he 

hoped,  augured  well  for  its  future  usefulness.     He  had  to  thank 

Kr.  Paget,  the  President,  and  the  Members  generally,  for  the  way  in 

which  the  resolutioB  had  been  proposed  and  accepted.     He  hoped 

thej  might  still  live  and  labour  together,  and,  when  better  times 

cune  upon  them,  might  see  the  Institution  growing  still  more  rapidly 

than  it  had  grown  in  the  past  two  years. 


The  Pbksident  then  delivered  the  following  inaugural  Address : — 


28  Jan.  1880 


ADDRESS  OP  THE  PRESIDENT. 

Gentlemen, — 

Having  had  the  honour  thirty-three  years  ago  of  assisting  in 
the  formation  of  the  Institation  of  Mechanical  Engineers,  I  now 
have  the  pleasure  of  thanking  yon  very  cordially  for  yonr  confidence 
in  entrusting  me  with  still  greater  responsibility  in  the  conduct  of 
the  affidrs  of  the  Institution.  I  must  tell  yon  honestly  that  the 
position  in  which  you  have  so  kindly  placed  me  to-day  is  not  one  that 
I  have  ever  coveted  or  sought  for,  as  I  consider  so  much  responsibility 
attaches  to  it ;  but  if  by  hard  work  and  close  attention  to  the  various 
interests  of  the  Institution  I  am  able  so  to  assist  in  its  conduct  as  to 
give  you  satisfaction,  I  shall  feel  amply  repaid,  and  shall  not  spare 
myself  any  pains  that  may  be  necessary  to  accomplish  the  object. 
But  one  thing  I  must  ask  of  yon — and  without  it  I  should  only 
expect  to  fail — and  that  is  your  kind  and  decided  support  of  the 
chair  at  all  our  meetings,  together  with  such  indulgence  to  the 
occupant  for  the  time  being,  as  you  hate  always  exercised  to  our  late 
President,  than  whom  we  have  never  had  a  more  genial  and  truly 
admirable  leader  to  conduct  us  forward  in  the  paths  of  science  and 
practice. 

One  matter  I  may  allude  to,  as  suf&cient  time  has  now  elapsed  to 
show  the  wisdom  of  the  important  step  that  was  taken  at  the  time. 
I  need  hardly  say  I  refer  to  the  transplanting  of  the  Institution  to 
London.  This  has  proved  a  perfect  success :  because  the  metropolis 
is  now  the  true  centre  of  England,  and  the  headquarters  of  the 
Mechanical  Engineering  of  the  kingdom.  The  number  of  our 
Members  has  greatly  increased,  the  quality  and  interest  of  our  Papers 
has  improved,  and  the  attendances  at  our  Meetings  are  more  numerous. 
I  long  foresaw  that  this  removal  was  only  a  question  of  time,  as  soon 
as  the  present  lines  of  railway  had  express  trains  direct  to   the 
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metropolis,  not  only  without  stopping  at  Birmingliam,  but  without 
going  within  fifteen  milcfi  of  it.  The  Institution  now  so  completely 
stands  at  the  head  of  Mechanical  Engineering  in  this  country,  and  is 
BO  My  admitted  by  all  other  institutions  to  occupy  that  proud 
position,  that  it  is  but  natural  that  it  should  rest  in  the  metropolis, 
as  its  fit  and  proper  home ;  and  long  may  it  pursue  its  peaceful 
and  thoronghly  useful  course*  The  Institution,  having  from  the  first 
been  conducted  with  a  due  regard  to  economy,  has  never  been  in 
debt;  and  the  result  is  that  it  is  now  comfortably  and  conveniently 
•ettled  in  excellent  offices,  well  suited  for  its  requirements  for  many 
years  to  come :  this  is  the  more  satisfactory,  as  it  is  most  difficult  to 
find  a  good  site  for  such  an  Institution  in  Westminster. 

I  do  not  propose  to-day  to  trouble  you  with  anything  like  a  history 
or  resom^  of  Mechanical  Engineering,  as  that  has  been  done  much 
better  than  I  could  hope  to  give  it ;  but,  if  not  trying  your  patience 
too  much,  I  should  wish  to  say  a  few  words,  direct  to  the  point,  with 
regird  to  the  position  of  this  country  among  the  nations,  in  respect  to 
the  adTancement  of  manufactures  generally.  Now  it  cannot  be 
doubted  for  a  moment  but  that  the  manufactures  and  commerce  of 
tbisooantry  depend  very  greatly  upon  engineering  skill  and  invention ; 
and  if  England  is  to  continue  to  be  called  '*  the  manufactory  of  the 
^d,**  we  must  on  no  account  shut  our  eyes  to  what  is  now  going 
on  aromid  us  in  many  countries.  I  much  fear  that  some  of  our 
nsno&cturers  have  so  little  enterprise  about  them  that  they 
consider  they  are  doing  enough  if  they  make  things — ^perhaps 
chiefly  or  entirely  by  hand — as  their  fiathers  did,  in  small  numbers : 
instead  of  attempting  to  manufacture  articles  in  a  better  manner,  in 
Urge  numbers,  by  machinery.  They  seem  to  forget  that  in  past 
times  the  demand  for  their  goods  depended  very  much  upon  the  fact 
^tbey  had  no  rivals  or  competitors  for  the  trade:  at  that  time 
foreigners  had  not  devoted  themselves  to  manufiactures,  and  indeed 
ludbeen  much  hindered  from  so  doing  by  the  very  frequent  occurrence 
of  wars  actually  within  their  countries :  whereas  we  have  had  no  wars 
^  tbifl  country  for  two  hundred  years  or  more.  Now  there  is  one 
^portant  £ut,  that  has  perhaps  hardly  been  considered  sufficiently  by 
""^^tnictl  engineers  and  manufacturers  generally,  and  it  is  this  :— * 
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when  railways  first  began  to  spread  over  the  continent,  engineers 
tools  and  machines  were  just  springing  into  existence  in  Englai 
and  partly  for  the  purpose  of  manufacturing  locomotives,  for  whi 
there  was  a  large  demand.  Then,  when  foreigners  had  to  repf 
their  engines,  they  bought  engineering  tools  and  machines,  and  we 
able  to  work  them  without  any  very  highly  skilled  labour,  such  as  o 
old  millwrights  were  obliged  to  possess  in  our  fathers'  and  grandfathe 
time :  so  that  in  a  very  short  time,  despite  the  want  of  skilled  laboi 
the  continental  firms  became  not  only  the  manufacturers  of  th< 
own  locomotives,  but  of  all  other  kinds  of  machinery.  Heni 
if  our  commerce  is  to  flourish  and  our  manufacturers  are  to  ke 
to  the  front,  then,  instead  of  trying  to  avoid  adopting  any  nc 
improvements,  and  refusing  to  experiment  or  to  incur  any  outlay  f 
the  purpose  of  improving  their^  wares  and  the  means  of  producii 
them,  they  should  work  heartily — and  Mechanical  Engineers  shou 
do  so  too — in  adopting  and  improving  machinery  to  produce  in 
better  manner,  by  power,  in  quantity,  and  therefore  economicall 
what  had  previously  been  made  in  a  small  way,  expensively,  by  han 
Often,  too  often,  a  good  thing  is  allowed  to  lie  dormant  for  yeai 
because  each  manufacturer  thinks  he  will  let  some  one  else  in  tl 
trade  spend  his  money  to  try  the  proposal ;  but  the  energy  shown  : 
the  United  States  (and  on  the  continent  also  very  often),  in  provii 
a  new  thing  as  soon  as  brought  out,  and  adopting  it  if  good,  has 
wonderful  effect  in  promoting  progress  and  increasing  the  prosperii 
of  the  country.  Sometimes  it  has  struck  me  that  Mechanic 
Engineers  hardly  seem  to  think  it  their  province  to  strive  to  impro^ 
manufactures  generally,  and  that  they  confine  their  attention  U 
much  to  tools  and  engines,  more  particularly  for  engineerii 
purposes :  whereas  a  little  more,  or  I  would  say  a  great  deal  mo; 
co-operation,  between  manufacturers  who  know  what  is  wanted  ai 
engineers  who  would  quickly  find  out  how  to  accomplish  it,  won] 
be  of  the  greatest  possible  advantage  to  the  commerce  ai 
manufactures  of  the  country. 

A  difficulty  well  stated  is  half  overcome  already. 

But  our  manufacturers  and  mechanical  engineers  must  con: 
together,  must  interchange  their  ideas,  and  correspond  freely,  if  an 
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• 

great  good  is  io  be  acoomplislied,  in  maintaining  this  cotmtrj  in  the 
proud  position  of  being  the  manofactory  of  the  world ;  and  as  some 
of  us  gaye  an  earnest  helping  hand  to  establish  this  Institution,  so  I 
would  yentoie  to  ask  all  onr  Members  to  join  hands  with  onr  friends 
the  ninii&ctiirers,  to  make  as  much  use  as  possible  of  the  advantages 
of  thiB  Institution,  which,  as  stated  in  onr  mles,  was  established  '*  to 
**  enable  Mechanical  Engineers  to  meet  and  to  correspond,  and  to 
**  facilitate  the  interchange  of  ideas  respecting  improvements  in  the 
"▼arions  branches  of  mechanical  science,  and  the  publication  and 
^'commonication  of  information  on  such  subjects." 


The  Pbesidbmt  said  that,  in  accordance  with  notice  given  at  the 
kit  meeting,  be  bad  to  move  the  adoption  of  the  following  additional 
Bye-Law  :— 

A  Qndnate  or  ABSodate  desiiouB  of  being  tranBferred  to  the  olaes  of  Members 
■bill  forward  to  the  Secretary  a  reoommeDdation  according  to  Form  E  in  the 
AppeDdix,  signed  by  not  less  than  five  Members,  which  shall  be  laid  before  the 
next  meeting  of  Gonnoil  for  their  approval.  On  their  approval  being  given, 
the  Secretary  shall  notify  the  same  to  the  candidate  according  to  Form  F  if  an 
Aaociate,  and  according  to  Form  Q  if  a  Graduate ;  but  his  name  shall  not  be 
*dded  to  the  list  of  Members  until  he  shall  have  signed  the  Form  H,  and,  if 
>  Gndoate,  sliall  have  paid  £1  additional  entrance  fee,  and  £1  additional 
''ibKription  for  the  current  year. 

FORM  E. 

Hi.  being  of  the  required  age,  and  desirous  of  being  transferred 

into  the  olsas  of  Members  of  the  Institotion,  we,  the  undersigned,  from  our  personal 
^^xnriedge,  xeooiiimend  him  as  a  proper  person  to  become  a  Memher  of  the 
^oititiition  of  Mechanical  Engineers. 
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FORM  F. 

81R, — I  have  to  inform  jou  that  the  Gonncil  have  approved  of  your  being 
transferrt'd  to  the  class  of  Members  of  the  Institution  of  Mechanical  Engineers, 
lu  conformity  with  the  rules,  your  transference  cannot  be  confirmed  until  the 
enclosed  form  be  returned  to  me  with  your  signature.  If  this  be  not  recelTed 
within  two  months  from  the  present  date,  the  transference  will  become  void. 

I  am.  Sir, 

Your  obedient  Senrant, 

Secretary. 
FOBM  G. 

8iR,~I  haTe  to  inform  you  that  the  Council  haye  appioTed  of  your  being 
tiansfomHl  to  the  daas  of  Members  of  the  Institution  of  MflfthAni^  Engineers.  In 
ciMifi>rmity  with  the  ruks,  your  transference  cannot  be  confirmed  until  the  ew^looed 
IVmn  be  rt>turoed  to  me  with  your  signature,  and  until  your  additional  Entrance 
F^  (£0  and  additional  Annual  Subscription  (£1)  be  paid  for  the  current  year. 
If  th^w  be  not  nsx'iTed  within  two  months  from  the  present  date,  the  tranafierenoe 
will  become  tuid. 

lam.  Sir, 

Yoor  obedient  Serrant» 


FORM  IL 

L  tti«  WHkvtijpBwd.  baring  Kwa  timnsfctivd  to  Uh»  cIms  of  Meoiben  of  the 
Iw«itutk«  ^'f  Mtwhanioal  Eft^srioitfifrk  do  bifivbT  a^:xv«.  tbu  I  will  be  gofcmed 
by  lh<  iv^ulftMu  of  the  «aid  InjUtuuooL  a«  thify  »«v  exists  cr  as  they 
ifeay  hMvuiWr  W  alUK^d :  thai  I  will  adruxv  the  ob»eeCi  of  the  Inttitiitioa 
a*  1^  a»  shall  be  i^i  ttj  ^.^w^r.  a»i  wiU  a:>K:a  the  bmcz^s  theiwf  as  often 
tts  I  <^^axeflMaLt^r<lMl:  fcimiedthal^  wh^iwwr  I  sfesaa  «rcad^  a  writing  to  the 
:;:eecei»ry  thsft  I  aM  Awwwm  cf  w;t^^nw»^  ^.*at  t^  lutiasaM^  I  •w^n 
vaA«r  ihe  |«cnMr«l  vf  aa;y  asMiiK  wli-4  3m^  W  «itM  ^t  sw  as  ti^  r«nid:  be 
ftw  ;S.m  thiis  yfri^acWok 


T^  TtKSONPBT  «Mi  drill  TM<^v  iiiki  Viwtt  ^If^fOL  !«>£  iw^>.  sK^aa^  br 
|CW«K. «  ttjr  tlW  <A»  A  11»  Vf&*:i 
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Mr.  JiBintiAH  E[ead  said,  if  no  one  was  present  who  bad  been 
especially  entrusted  by  Mr.  Weleb  with  the  moving  of  tbe  Bye-laws 
.  of  which  he  had  given  notice,  he  begged  leave  to  do  so ;  not  that  he 
wished  to  commit  himself  to  any  approval  of  them  in  any  form,  but 
simply  in  order  that  they  might  be  fully  discussed  and  disposed 
of.  He  would  therefore  move  them  without  note  or  comment,  as 
follows : — 

(1.)  "  Any  Member  wishing  to  have  a  copy  of  the  Papers  sent  to 
him  for  consideration  beforehand  can  do  so  by  sending  in  his  name 
once  in  each  year  to  the  Secretary;  and  a  copy  of  all  Papers, 
complete  with  their  diagrams,  shall  then  be  forwarded  to  him  at  least 
fourteen  clear  days  prior  to  the  date  of  the  meeting  at  which  they  are 
intended  to  be  read ;  and  every  Paper  with  regard  to  which  this  has 
not  been  done  shall  not  be  read  at  such  meeting,  if  any  Member  who 
shoold  have  received  a  copy  of  the  same  objects  thereto.'* 

(2.)  **At  any  meeting  of  the  Institution  Members  shall  be  at 
liberty  to  re-open  the  discussion  upon  any  Paper  which  has  been 
Rftd  or  discussed  at  the  preceding  meeting." 

Mr.  A.  Paget  said,  as  no  one  else  seconded  the  motions,  he  would 
do  80  for  the  sake  of  getting  them  discussed.  He  desired  to  guard 
Itimself  by  saying  that,  as  the  motions  now  stood,  he  should  be  very 
Sony  to  see  them  adopted ;  but,  with  the  view  of  amendments  being 
proposed,  he  ventured  to  secpnd  them. 

Mr.  BoBivsoN  said  that  on  behalf  of  the  Council  he  had  to  move 

tmendments  to  the  motions  proposed  in  Mr.  Welch's  name.     With 

regard  to  the  first,  it  would  be  manifestly  impossible  for  the  Council 

to  supply  every  member  fourteen  days  before  a  meeting  with  copies 

of  the  papers  and  diagrams,  inasmuch  as  it  often  happened  that  the 

paper  itself  was  not  printed  by  that  time,  much  less  were  the  diagrams 

completed  or  engraved.     The  Council  were  disposed  to  think  that  the 

first  of  the  two  motions  should  stand  thus  : — 

**  Any  Member  wishing  to  have  a  copy  of  the  Papers  sent  to  him 
for  consideration  beforehand  can  do  so  by  sending  in  his  name  once 
in  eadi  year  to  the  Secretary;  and  a  copy  of  all  Papers  shall  then  be 

H 
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forwarded  to  him  as  early  as  possible  prior  to  the  date  of  the  meeting 
at  which  thej  are  intended  to  be  read." 

Mr.  T.  B.  Cramftok  seconded  the  amendment 

Mr.  D.  Adamson  had  great  respect  for  the  judgment  of  Mr.  Welch 
generallj,  but  thought  he  had  been  most  nnfortonate  in  bringing 
forward  a  proposition  to  alter  rules  that  had  worked  yery  well.  If 
Mr.  Welch  and  those  who  thought  with  him  would  get  their  papers 
ready  three  months  or  so  before  they  were  required,  then  those  papers 
could  be  sent  out  to  all  the  members  without  difficulty,  and  without 
the  necessity  of  any  new  rule.  But  the  papers  read  before  the 
Institution  should  be  anxiously  and  carefully  written,  and  sometimes 
they  could  only  be  got  ready  a  short  time  before  they  were  wanted. 
Some  critics  indeed  might  desire  to  have  the  opportunity  of  consulting 
mechanical  dictionaries  and  all  the  old  literature  on  the  subject,  and 
then  to  parade  their  borrowed  light  at  the  meeting ;  but  that  would 
be  a  very  unfortunate  state  of  things.  The  papers  of  the  Institution 
were  written  to  bring  before  the  members  the  current  out-door  practice, 
and  the  science  of  the  workshop  and  the  laboratory,  and  not  what  had 
been  gathered  out  of  books.  Hence  they  ought  not  to  throw  any  obstacles 
in  the  way  of  those  who  desired  to  give  them  information,  but  should 
let  them  bring  it  forward  as  soon  and  as  heartily  as  they  could ;  and 
for  those  who  were  not  in  a  position  to  discuss  it,  the  wisest  plan 
would  be  to  hold  their  tongues.  He  therefore  invited  the  members 
not  to  pass  either  the  original  motion  or  the  amendment,  which  only 
tinkered  with  bye-laws  or  rules  that  did  not  require  to  be  touched* 

Mr.  Charles  Cochrane  thought  Mr.  Adamson  had  not  looked  at 
the  harmless  character  of  the  amendment,  which  did  but  carry  out 
formally  what  had  been  the  practice  for  some  time  past,  and  authorise 
the  Secretary  to  do  that  which  he  was  in  the  habit  of  doing,  but  which 
was  perhaps  informal  without  such  authority.  By  this  amendment 
any  member,  on  giving  notice,  might  receive  a  copy  of  the  papers  as 
early  as  possible  prior  to  the  meeting.  All  that  Mr.  Adamson  had 
said  was  strictly  applicable  to  the  resolution  originally  proposed  by 
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Mr.  Welch,  and  this  he  fully  endorsed ;  but  in  the  shape  in  which 
the  motion  had  been  amended,  he  thought  it  worth  while  to  consider  it, 
and  to  pass  it. 

Mr.  R  H.  TwEDDSLL  wished  to  support  the  observations  of 
Mr.  Adamson.  If  the  resolutions,  even  as  amended,  were  harmless, 
there  was  no  advantage  in  encumbering  the  bye-laws  with  thenu 

Mr.  W.  W.  HuLSE  said  if  the  Council  could  send  to  any  member, 
on  giring  notice  beforehand,  the  printed  matter  to  be  read  at  the 
meetings,  he  did  not  see  why  they  could  not  send  it  to  all  members, 
»nd  then  no  notice  would  be  required.  He  agreed  with  Mr.  Adamson 
m  thinking  that  the  proposal  was  superfluous,  and  an  unnecessary 
tinkering  with  the  bye-laws. 

The  Presidskt  desired  to  offer  a  few  words  of  explanation.  It 
had  heen  the  practice  for  a  long  time  past  to  send  copies  of  the  papers 
to  any  gentleman  who  sent  his  name  in  beforehand ;  and  the  proposal 
^as  merely  to  render  legal  by  resolution  what  had  been  done  by  the 
Council  for  some  time  already ;  and  to  provide  that,  if  a  member 
asked  for  the  papers  for  the  whole  year,  he  should  receive  them. 

The  amendment  was  then  put  and  carried. 

Mr.  HoBiKSOK  proposed  on  behalf  of  the  Council  the  following 
amended  form  of  the  second  resolution  moved  on  behalf  of  Mr. 
Welch : — "  At  any  meeting  of  the  Institution  any  Member  shall  be  at 
^herty  to  re-open  the  discnssion  upon  any  Paper  which  has  been  read 
or  discQssed  at  the  preceding  meeting,  provided  that  he  signifies 
'Ua  intention  to  the  Secretary  at  least  one  month  previously  to  the 
meeting,  and  that  the  Council  decide  to  include  it  in  the  notice  of 
^  meeting,  as  part  of  the  business  to  be  transacted."  It  was  only 
lair  to  any  gentleman  who  had  read  a  paper  at  a  preceding  meeting, 
^nat^if  his  paper  was  to  be  discussed  again,  he  should  have  due  notice 
<*f  the  fact,  and  the  opportunity  of  producing  diagrams,  tables,  or 
^^  iUnstrative  matter,  in  order  that  he  might  defend  himself 
H^  any  attack  that  might  be  made  upon  him.     It  was  also 

H  2 
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important  that  the  Conncil  should  retain  the  power  of  deci< 
whether  such  a  renewal  of  a  discussion  should  take  place  or 
because  the  Council  was  at  considerable  pains  to  get  papers  prep 
for  certain  meetings,  and  tried  to  accommodate  the  number  of  pa 
to  the  time  given  for  discussion.  If  the  resolution  as  origin 
proposed  were  to  be  carried,  the  conduct  of  the  meeting  would  be  all 
entirely  taken  out  of  the  hands  of  the  Council,  who  represented 
members,  and  were  much  better  able  to  deal  with  those  smi 
matters  of  detail,  than  the  general  body  of  members  could  be. 
was  sure  he  was  asking  what  the  members  of  the  Institution  w< 
readily  grant — that  such  an  amount  of  confidence  should  be  place 
the  discretion  of  the  Council  as  the  amendment  expressed. 

Mr.  CooHBANE  had  much  pleasure  in  seconding  the  amendm 
It  was  not  always  possible  to  get  the  reader  of  the  paper  present 
subsequent  meeting;  and  if  the  original  motion  were  carried, 
discussion  might  be  re-opened  in  the  absence  of  the  gentleman 
alone  could  reply  upon  it. 

The  amendment  was  then  put  and  carried. 


The  Pbesident  announced  that  an  invitation  had  been  receive 
hold  the  Summer  Meeting  of  the  Institution  at  Barrow-iu-Fun 
The  proprietors  of  the  large  steel  works  there  had  intimated  that  i 
would  be  very  pleased  to  welcome  the  Institution ;  and  they  had  i 
received  a  direct  and  cordial  invitation  from  the  Mayor,  Mr.  Edv 
Wadham.  He  had  himself  seen  Mr.  J.  T.  Smith  of  Barrow,  » 
time  since,  in  reference  to  the  matter,  and  had  ascertained  that 
arrangements  could  easily  be  carried  out.  He  hoped  that  there  wc 
be  a  large  attendance  at  Barrow,  which  was  an  excellent  place  for 
meeting.  The  great  docks  had  lately  been  opened  :  there  were  ; 
steel  works,  ship-building  yards,  wire  mills,  and  other  works  to 
seen ;  and  he  had  no  doubt  the  members  would  spend  a  few  days  ^^ 
pleasantly  in  the  locality. 


The  following  papers  were  then  read : — 
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REPLY  ON  THE  DISCUSSION  UPON  FIRELESS 

LOCOMOTIVES. 


By  M.  LEON  franco,  op  Paris. 


In  flnbinitting  the  following  remarks  upon  the  interesting 
diflcoasion  which  took  place  at  the  last  meeting  of  the  Institution, 
the  lather  wishes  in  the  first  place  to  thank  the  President  and 
Members  for  the  kind  reception  given  to  his  original  communication. 

He  fully  concurs  in  the  opinion  of  Mr.  Crampton,  that  the 
chief  heads  of  working  cost,  with  tramway  engines,  are  those  for  wages 
&nd  maintenance.  In  practice  this  has  everywhere  been  proved  to 
be  the  case ;  and  the  main  superiority  of  the  Fireless  Locomotive 
lies  in  the  reduction  which  it  effects  as  to  wages,  and  in  its  economy 
u  regards  maintenance  and  repairs. 

He  admits  that  the  working  parts  of  the  Fireless  Engine  are  too 
it^  the  ground ;  and  has  prepared  designs  for  raising  them  higher, 
>o  IB  to  save  them  from  the  effects  of  mud  and  dust.     He  wishes  to 
Kmark  howeyer  that  the  repairs  required  from  this  cause,  on  the 
fiielett  engines  employed  upon  theEueil  and  Marly-le-Boi  Tramway, 
^^  been  insignificant.      This   arises  chiefly   from    the  complete 
AbieDoe  of  ashes,  and  also  from  the  arrangements  made  for  doing 
Awiy  entirely  with  metal  coverings  to  the  mechanism ;  these  latter 
being  found,  contrary  to  expectation,  to  retain  the  dust,  which  thence 
blows  about  among  the  parts  of  the  engine ;  and  thus  to  aggravate 
^^^•*eid  of  diminishing  the  eviL     The  author  would  add  that   he 
^^•"^ot  approye  of  the  arrangement  for  raising  the  cylinders  adopted 
by  Mr.  Brown  of  Winterthur.     That  it  is  defective  is  proved  by  the 
^icenively  bad  condition  in  which  these  engines  are  now  found  to 
be.    In  the  case  of  the  Fireless  Engine  there  are  various  other 
^'iVigements,  by  which  it  would  be  practicable  to  raise  from  the 
Si^oond  all  the  delicate  parts  of  the  mechanism. 
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In  reply  to  Mr.  TomlinsoD,  tlie  author  has  not  the  ] 
hesitation  in  maintaining  that  hot  water  may  be  advantageously 
usefully  applied  for  working  the  trains  on  underground  railiw 
where  the  length  of  line  does  not  exceed  12  to  15  miles,  and  w 
the  gradients  are  similar  to  those  of  the  Metropolitan  Eailway. 
support  of  that  opinion  he  would  remark  that  since  2000  litres  of 
water  (440  gallons)  are  found  to  produce  motive  force  sufficies 
draw  a  load  of  the  gross  weight  of  36  tous  over  a  line  9  miles  1 
12,000  litres  (2,640  gallons)  would  certainly  do  six  times  as  n 
work,  or  more  than  sufficient  to  draw  a  train  of  the  Metropol 
Eailway,  which  weighs  100  tons.  Therefore  there  are  really  < 
two  points  to  examine,  (1)  the  power  and  rapidity  with  which 
engine  can  start,  and  (2)  the  possibility  of  storing  12,000  litre 
hot  water  on  the  engine.  Now  power  and  rapidity  of  starting 
be  obtained  in  all  cases  with  four  cylinders,  and  perhaps  on  stra 
level  lines  with  two  cylinders  of  large  diameter.  Again  the  autl 
investigations  show  that  it  is  possible  to  provide  not  only 
12,000  litres  of  hot  water  on  the  engine,  but  also  for  a  large  quai 
of  cold  water  for  condensation.  An  engine  on  this  system,  ine 
of  weighing  35  tons  empty,  need  only  weigh  26  tons ;  so  tha 
working  order  a  Fireless  Engine  for  underground  lines  would 
weigh  43  tons.  As  to  the  possibility  of  charging  the  engines  J 
stationary  boilers,  this  would  be  easily  accomplished  by  proportio 
the  production  of  the  boilers  to  the  demands  of  the  en^ 
requiring  to  be  charged  in  a  given  time.  If  in  one  hour, 
instance,  it  were  necessary  to  charge  twelve  engines,  each  en 
ought  to  be  filled  in  five  minutes ;  this  is  merely  a  question  of 
section  of  the  steam  feed-pipe,  the  size  of  which  it  would  be  neces 
to  calculate.  To  charge  twenty  engines  per  hour,  it  would 
necessary  to  fit  up  at  the  terminus  a  set  of  stationary  boilers  ha 
an  aggregate  heating  surface  of  1800  square  metres  (19,400  sq. 
besides  reserve  boilers.  This  cannot  be  considered  as  impractici 
and  though  it  might  require  some  care  and  forethought  to  esta' 
the  system,  great  advantages  would  result  from  the  concentratic 
the  production  of  steam  at  a  single  point,  from  the  abolitic 
stokers  on  the  engines,  and  from  the  total  suppression  of  delete: 
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gases,  whicli  escape  from  the  ordinarj  locomotiyes  in  the  tunnels,  and 
which  greatly  incommode  the  passengers,  in  spite  of  the  ventilation 
piodnoed  bj  the  passage  of  the  trains. 

With  regard  to  the  question  of  condensation,  the  author  considers 
that  to  condense  completely  by  air  requires  much  too  large  a  surface 
for  practical  use ;  and  that  to  condense  completely  by  water  requires  too 
great  a  supply.  Other  known  methods  of  condensation  are  too  costly. 
To  keep  within  the  bounds  of  practical,  utility,  the  author  would 
not  attempt  anything  more  than  the  suppression  of  the  noise  of  the 
escaping  steam,  by  causing  it  to  expand  in  a  large  expansion 
chamber,  and  then  condensing  it  partially,  by  contact  with  tubes 
haying  air  circulating  in  them.  He  believes  that,  by  thus  completely 
withdrawing  from  the  escaping  steam  all  the  water  which  it  contains, 
the  result,  on  underground  lines,  would  be  that  the  dry  steam 
wonld  rise  promptly  to  the  top  of  the  tunnel,  and  would  clear 
away  with  sufficient  rapidity.  Even  admitting  that  a  light  vapour 
wonld  sometimes  find  its  way  into  the  carriages,  when  the  atmosphere 
was  not  favourable  to  the  ascent  of  the  steam,  this  would  not  produce 
serious  inconvenience ;  for,  while  there  are  many  people  who  avoid 
the  London  underground  railways  on  account  of  the  smoke,  they 
certainly  would  not  make  the  same  objection  to  the  occasional 
presence  of  a  little  pure  steam.  This,  in  the  author's  opinion,  would 
be  proved  by  experience,  and  would  produce  an  important  and  rapid 
rise  in  the  receipts. 

For  street  tramways  the  author  considers  it  possible  to  condense 
the  exhaust  steam  completely ;  but  he  would  ask  whether  its  escape, 
*^  unaccompanied  tcith  any  noise,  is  not  rather  an  imaginary  than 
*  real  inconvenience.  The  apparatus  for  complete  condensation 
constitutes  a  source  of  complication,  and  consequently  of  expense, 
which  takes  away  from  tramway  engines  much  of  the  advantages  they 
*w  intended  to  realise,  in  simplicity  and  economy  of  working.  He 
would  add,  that  after  five  years*  experience  and  consideration  of  the 
^nestion,  he  is  satisfied  that  animals  are  not  frightened  at  the  sight  of 
"^cun;  and  that  in  reality  they  are  more  easily  frightened  by  an 
^Dgine  which  advances  rapidly  without  the  outward  and  visible  signs 
^  morement.    They  are  also  afraid  of  everything  that  produces  a 
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slirill,  sndden  noise,  as  is  the  case  with  oompressed-air  engines,  i 
with  ordinary  locomotives,  which  cannot  dispense  either  with 
violent  escape  of  steam  to  increase  the  blast  in  the  (^imney, 
with  safety  valves,  which  are  liable  to  blow  off  at  any  moment. 

The  anthor  does  not  agree  with  Mr.  Welch  that  the  arrangem 
of  the  admission  valves  in  the  steam  expander  is  likely  to  transfc 
the  heat  of  the  steam  into  electricity.  Sir  William  Armstrong  can 
electricity  to  be  disengaged  in  his  apparatus,  only  by  nsing  a  v 
high  pressure  of  steam,  by  cooling  that  steam  so  as  to  transforn 
into  vesicles  of  water  before  its  escape  into  the  atmosphere,  i 
by  exciting  considerable  friction  of  these  vesicles  against  one  anotl 
It  is  known  that  the  Armstrong  electrical  machine  did  not  at 
produce  the  effect  sought,  as  soon  as  the  steam  ceased  to  circu) 
in  the  cooled  pipes,  and  as  soon  as  the  friction  of  the  vesicles 
water  against  one  another  no  longer  continued  to  take  place.  In 
Fireless  Locomotive  the  balanced  admission  valves,  from  their  anni 
form  of  outlet,  cause  very  little  friction ;  and  the  steam,  instead 
escaping  into  the  cold  atmosphere,  passes  into  a  body  of  vapour 
high  temperature  and  under  considerable  pressure,  there  to 
superheated;  there  is  therefore  no  formation  of  vesicles  of  wa' 
consequently  no  friction  and  no  production  of  electricity.  This  ! 
been  shown  also  by  comparative  experiments.  The  expander 
nothing  else  really  than  the  slide-valve  reconmiendcd  by  Mr.  We] 
only  it  acts  automatically,  whilst  an  ordinary  slide-valve  would 
so  act.  The  author  therefore  must  continue  to  consider  the  expan 
as  advantageous,  a  fact  of  which  he  has  convinced  himself  by  1< 
and  minute  observation. 

On  the  question  of  the  employment  of  steam  at  low  pressure, 
author  observes  that  his  opinion  is  not  shared  by  Mr.  Cowper,  nor 
several  other  members.  He  believes  however  that  he  is  right  on  t 
important  point,  which  he  is  glad  to  have  submitted  to  the  critici 
of  the  Members  of  the  Institution.  He  agrees  with  Mr.  Welc 
statement  that  steam  at  high  pressure  is  more  advantageous,  beca 
its  latent  heat  is  lower,  in  proportion  to  the  total  heat  produc 
than  the  latent  heat  of  steam  at  low  pressure.  But  in  order  t. 
this    advantage  may  really  hold,  it  is   necessary  to  assume  1 
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the  high-pressure  steam  has  not  given  out  a  larger  number  of  heat 
units  into  the  atmosphere,  after  doing  its  work,  than  the  low-pressure 
steim.  We  must  therefore  calculate  for  a  locomotive  within  what 
limit  expansion  can  advantageously  be  allowed,  taking  count  also  of 
the  proportion  of  priming  water  carried  over.  The  author  considers 
thftt  this  limit  is,  on  an  average,  two-thirds  of  the  stroke.  With 
these  data  it  must  then  be  seen  what  is  the  latent  heat  of  the  steam 
when  it  escapes  from  the  cylinder,  as  compared  with  that  of  low- 
pressure  steam ;  the  diflference  is  a  loss  of  useful  heat,  given  out  into 
the  air. 

Taking  account  of  these  practical  considerations,  the  author 
has  calculated  that  in  utilising  the  heat  existing  in  steam,  a  locomotive 
engine— not  a  fixed  engine,  for  it  is  necessary  not  to  confound  the 
two— giyes  an  efficiency  of  44  per  cent,  only  with  steam  at  15 
atmospheresy  whilst  the  result  is  60  per  cent,  with  steam  at  4 
Atmospheres.  This  difference  of  16  per  cent,  is  still  further  increased, 
if  we  compare  the  results  of  an  engine  working  with  high-pressure 
steam  and  delivering  to  the  cylinders  30  per  cent,  of  water  in  the 
▼edcolar  state,  and  the  undoubtedly  better  results  of  an  engine 
working  with  low-pressure  steam,  and  that  steam  dried  by  the  means 
pointed  ont  in  the  paper.  The  difference  of  16  per  cent.,  on  the 
contrarj,  would  be  evidently  diminished,  if  the  comparison  were  made 
in  the  case  of  a  stationary  condensing  engine  of  high  expansion ; 
bnt  that  which  can  be  done  by  means  of  expansion  in  stationary 
engines  cannot  be  done  in  ordinary  locomotives,  where  the  amount 
of  priming  water,  the  inconveniences  of  lead  on  the  exhaust  side, 
ttd  the  need  of  a  strong  current  of  steam  in  the  chimney,  are 
^Qses  which  necessitate  a  limitation  of  the  expansion,  and  an 
"^<^fes8ed  loss  of  heat  in  the  exhaust  steam.  Taking  these  things  into 
'^^(^onnt,  the  author  was  led  to  prepare  a  Table,  on  which  the  statements 
^'^  at  the  end  of  his  paper  are  based.  He  is  thus  of  opinion 
^Kr.  Cowper  is  in  error  in  saying  that  steam  generated  at  15 
^^pheres  cannot  be  used  at  4  atmospheres  without  great  loss, 
^pare  the  case  of  the  Fireless  Locomotive  with  that  of  two  vessels 
•^  md  B,  in  communication  with  each  other,  of  which  A  is  filled  with 
ft  supply  of  steam  at  15  atmospheres,  or  at  a  temperature  of  199° 
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Centigrade     (390"*     Fahr.).      If   A     is    now    put    abruptly 
communication   with   B,   the   pressure   will   equalise    itself  in 
two  vessels.     If  we   suppose   besides    that   the  ratio    between 
two   vessels  is    such    that    the    common   pressure   in    the   t^ 
4  atmospheres   (temperature   144°  C,    or  291°  Fahr.),  the  an 
of  internal  heat  in  the  steam  will  not  have  changed,  and  no 
will  have  been  done.      In  the  author's  system  the  communic 
is  not  made  abruptly,  but  gradually,  till  equilibrium  is  establii 
the   result  however  is   the  same.      Now  according  to  the  da 
Zeimer's  work  on  Heat,  the  internal  heat  of  steam,  saturated 
dry,  at  15  atmospheres  or  199°  C, — in  other  words,  the  heat  o 
steam  in  the  first  vessel  A, — is  given  by  673 '34  -f-  (0*2342  x 
=  619*94  calories  per  kilogram.      The  same  steam,   saturated 
dry,  at  4  atmospheres,  occupying  the  content  of  the  two  vesse 
and  B,  will  possess  an  internal  heat  of  673  *  34  -f  (0  *  2342  X 
=  607*06   calories   per   kilogram.      The  difference   between 
quantities  is  12*88  calories  per  kilogram  :  the  steam  at  4  atmosp 
is  therefore  superheated  by  this  amount,  and  this  superheatinj 
the  effect  of  vaporising  the  minute  drops  of  water  brought  ov 
the  vesicular  state.^ 

This  would  not  be  the  case  on  the  contrary  if  the  steam  expi 
directly  into  the  cylinders :  the  expansion  would  then  pr 
condensation,  and  the  effect  of  the  superheated  steam  in  vapoi 
the  water  would  not  take  place. 

The  author  acknowledges  that  the  question  which  he 
submitted  is  a  difficult  one;  but  the  statements  advanced  b^ 
which  were  so  much  questioned,  will  shortly  be  verified  by  a 


*  Professor  Glausius  has  pointed  out  to  the  author  that  there  will  alwaj 
theoretical  loss  in  expandiug  by  an  expansion  chamber,  because  steam 
expanding  to  a  lower  pressure,  cannot  by  means  of  that  lower  pressi 
compressed  again  up  to  its  original  higher  pressure.  The  process  is  ther 
non-reversible  one,  and  by  a  well-known  principle  of  Thermo-dynamics 
reversible  process  cannot  be  the  most  efficient.  The  author  considers  th 
loss  duo  to  this  cause,  as  also  to  the  friction  of  the  steam  in  expanding,  y 
found  to  be  insignificant :  but  it  may  of  course  dispose  of  part  or  all  of  the 
calories  mentioned  in  the  text. 
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experiments.  These  he  proposes  to  make  with  a  locomotiye  of 
one  of  the  large  railway  companies,  on  which  he  will  fix  an 
tpparatns  that  will  give  a  sufficient  draught  for  the  fire,  without 
requiring  any  great  pressure  in  the  exhaust  steam. 

As  a  practical  reply  however  to  the  questions  and  criticisms  which 
haye  been  addressed  to  him,  the  author  may  state  that  he  has  run  a 
fireless  engine  on  the  Bueil  and  Marly  Tramway,  with  the  same  charge 
of  steam  as  usual,  sometimes  simply  suppressing  the  expander,  and 
sometimes  admitting  steam  by  the  regulator  and  then  expanding  it 
bj  the  link  motion  according  to  the  pressure  required ;  and  that  he 
lag  never  found  a  greater  consumption  of  steam  with  the  expander  than 
iriiW.  He  has  observed  that  the  superheated  steam  gives  at  its 
eotrance  to  the  cylinders  a  mechanical  equivalent  higher  than 
ordinary;  that  the  packings  of  the  regulator  and  the  pistons  last 
hmger  than  with  the  direct  introduction  of  the  steam;  that  the 
leakages  of  steam  are  less  numerous ;  and  that  the  steam  exhausted  at 
atmoepheric  pressure  not  only  utilises  its  heat  better,  but  also  makes 
no  noise,  and  is  much  more  readily  condensed. 
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The  conditions  that  are  required  to  be  falfilled  in  a  Tram 
Looomotiye  over  and  above  those  of  an  ordinary  locomotive 
tolerably  well  recognised,  and  may  be  enumerated  as  follows : — 
(a)  There  must  be  no  visible  smoke  or  steam,  no  visible 
no  noise  of  either  blast  or  machinery,  and  no  visible  working  j. 
The  object  of  all  these  restrictions  is  to  avoid  frightening  hi 
or  annoying  the  public. 

(&)  The  engine  must  work  both  ways,  the  driver  being  alwa; 
a  commanding  position ;  it  must  be  able  to  exert  great  powei 
starting  and  stopping  on  steep  inclines,  and  must  both  start  and 
very  easily ;  it  must  run  round  sharp  curves,  and  adapt  itself  tc 
inequalities  in  the  road ;  its  working  parts  must  be  readily  accee 
and  easily  repaired;  its  firing  and  feeding  must  need  no  atte: 
while  it  is  running ;  lastly,  it  must  be  worked  of  course  by  one 
These  are  matters  of  practice  and  economy. 

(c)  The  Board  of  Trade  requires  beyond  these  a  speed  indi 
always  visible  to  the  driver,  a  governor,  and  a  bell  or  whistl< 
signalling. 

The  writer,  having  carefully  considered  these  conditions,  cai 
the  conclusion  that  among  existing  engines  they  were  best  and 
economically  met  by  the  engine  of  Mr.  Charles  Brown  of  Winter 
mention  of  which  has  already  been  made  in  M.  Mallet's  paper 
before  the  Institution  in  Paris,  in  June  1878.  This  engine  has  w( 
regularly  in  Geneva  since  the  summer  of  1877  ;  in  Milan  sinci 
beginning  of  1878  ;  in  Hamburg  and  Strasburg  since  the  sumn 
1878  ;  in  Paris  since  the  autumn  of  1878 ;  in  Borne  and  Tivoli 
June  1879  ;  in  Bibeauville  since  August  1879 ;  in  Florence  and  C 
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Dronero  since  NoTember  1879.  In  addition  to  the  above  places  where 
the  engines  are  in  regular  work,  they  have  been,  or  are,  running 
on  probation  at  Lisbon,  Oporto,  Turin,  Brussels,  Berlin,  Cologne, 
Madrid,  Milan,  Monza,  Villa  Eegoa,  and  Villa  Beale  (Portugal).  In 
most  of  the  aboTe  places  the  consequence  of  these  experiments  has 
been  that  the  question  of  steam  traction  versus  animal  traction  has 
been  decided  in  favour  of  the  former;  but  the  carrying  of  this 
decision  into  execution  has  been  frequently  impeded  by  the 
conditions  imposed  by  the  local  authorities,  or  by  financial 
difficnlties. 

L  Description  of  the  Engine  (Plates  1,  2,  and  3). — The  leading 
principle  of  this  engine  is  that  of  working  with  very  high  pressure 
(220  lbs.  per  sq.  in.).  The  boiler  (Figs.  2  and  8)  consists  of  a  vertical 
cylinder  A,  containing  the  fire-box  in  its  lower  jpart.  To  this  is  riveted, 
opposite  the  fire-door,  a  horizontal  barrel  B  with  tubes,  like  that  of  an 
ordinary  locomotive ;  this  barrel  is  entirely  below  the  water-leveL 
The  whole  is  made  of  steel,  carefully  selected  and  tested.  The 
gnte  C  is  steeply  inclined  downwards  from  the  fire-door,  so  as  to 
increase  its  area  and  efficiency ;  and  there  is  a  drop-bar  D  at  the 
hotlom  for  letting  down  the  fire.  The  ash-pan  is  provided  with  an 
^^idinary  door  for  regulating  the  draught.  Owing  to  the  height  of 
tbe  onter  fire-box,  there  is  a  very  great  range  of  water-level  (about 
20  inches).  Hence  the  driver  need  never  attend  to  his  fire  or  feed 
bis  boiler  during  the  longest  run  usual  on  tramways. 

The  cylinders  E  are  horizontal  and  above  the  foot-plate,  the  steam 
cbest  being  below  the  cylinders,  by  which  arrangement  they  are 
tlwajB  kept  clear  of  water.  There  is  a  great  range  of  expansion. 
With  Ttlve-gear  of  the  proportions  indicated  in  Figs.  4  and  5, 
^  distribution  of  steam  is  as  shown  in  the  Table  annexed,  the 
^^oes  being  expressed  in  percentage  of  the  stroke  of  piston.  The 
^  is  constant  at  ^  in. 
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Admis&ioii. 

Release 
before  end  of  stroke. 

Compressii 

Fore. 
Per  cent. 

Back. 
Per  cent. 

Fore. 
Per  cent. 

Back. 
Per  cent. 

Fore, 
Per  cent. 

I 

Pe 

Forwards 

76 
67 
49 
26 

80 
67 
47 
24 

7 
10 
16 
27 

4 

7 
14 
26| 

6 
10 
20 
34^ 

Stop 

7 

7i 

44 

42J 

53 

Backwards    .     .     . 

21 
47 
66 

78 

22 
50 
70 
80 

29 

16 

9 

5 

27 
5 

35 
19 
12 

7 

In  the  engine  shown  the  cylinders  are  5^  in.  diameter  and  1 
stroke.  Each  piston-rod  works  a  rocking  beam  F,  Fig.  1,  whic 
means  of  a  connecting-rod  G  at  the  other  end,  transmits  the  moy< 
to  the  driving  wheels,  and  thence  by  ordinary  conpling-rods  t 
leading  wheels.  All  the  pin-ends,  lubricating  holes  &c.,  are  car( 
covered  to  keep  ont  the  dust.  The  valve-gear  (described  more 
below)  is  of  a  very  simple  description,  entirely  avoiding  eccei 
links,  or  other  sliding  motions,  so  objectionable  on  account  of 
mud  &c.  The  rocking  beams  on  each  side,  and  the  other  wo 
parts,  balance  each  other  without  the  need  of  balance-weights  o 
wheels.  The  motion  of  the  engine  is  thus  made  very  smooth 
free  from  oscillation  or  "galloping" — a  very  essential  point 
a  short  wheel-base. 

The  whole  of  the  working  parts,  as  well  as  the  boiler,  a 
arranged  as  to  be  readily  accessible  for  both  cleaning  and  re 
Everything  is  made  as  light  and  strong  as  possible,  and  both 
and  phosphor-bronze  are  largely  used.  The  position  of  the  cyli 
is  very  convenient,  and  very  well  sheltered  from  dust  and  dirt. 
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The  hind  axles  support  the  weight  of  the  engine  by  springs  in 
the  oidinarj  way ;  but  the  front  axle  has  two  sets  of  volute  springs  H, 
Figs.  2  and  3,  placed  together  in  the  centre,  so  that  the  engine  is 
pncticallj  supported  on  three  points.  On  these  springs  the  front 
tile  has  free  play ;  and  as  side-play  is  also  given  to  the  axle-boxes, 
which  are  united  by  a  frame,  the  engine  runs  very  smoothly,  while 
the  four  wheels  all  take  a  bearing  on  the  roughest  roads.  The  wheels 
tre  from  24  in.  up  to  28  in.  diameter,  according  to  the  character 
of  the  line. 

The  water-tanks  are  placed  between  the  frames.  There  is  one  I, 
Fig.  2,  for  the  feed-water,  which  holds  about  110  gallons ;  and  a  small 
one  J  for  the  condensed  steam,  holding  about  80  gallons.  The  mode  of 
disposing  of  the  exhaust  steam  is  as  follows.  The  cylinders  are  fixed 
OQ  the  two  ends  of  a  cast-iron  box  K,  which  forms  a  support  for  the 
bottom  of  the  smoke-box ;  into  this  the  steam  is  exhausted,  and  in 
iDtny  cases  is  passed  from  thence  direct  into  the  chimney,  into  which 
it  flows  in  an  almost  continuous  noiseless  stream.  The  chimney  is 
very  krge,  and  has  interior  smaller  chinmeys  of  gradually  increasing 
diwneter.  But  if  a  condenser  is  required,  which  probably  will 
thDost  always  be  the  case  in  towns,  the  steam  ascends  to  a  layer 
of  copper  pipes  L,  which  are  arranged  over  the  roof  and  kept  cool 
bj  the  air  passing  between  them.  The  condensed  steam  flows  down 
to  the  small  tank  J,  which  can  be  emptied  at  any  convenient  place  at 
the  end  of  the  run  or  elsewhere.  It  is  not  allowed  to  mix  with 
the  feed-water,  on  accoimt  of  the  dirt  and  oil  that  would  then  get 
into  and  injure  the  boiler. 

In  Paris  these  engines  have  no  condenser,  and  in  Germany  they 
sometimes  have  and  sometimes  have  not;  but  in  England  the 
condenser  will  probably  be  always  an  absolute  necessity. 

The  brakes  are  worked  by  hand,  and  are  very  strong ;  but  in 
htnre  all  engines  will  be  fitted  with  steam  brakes.  There  is  a  pump 
ind  an  injector  for  feeding,  and  the  ordinary  arrangement  of  sand- 
boxes. All  the  handles  are  arranged  in  duplicate,  so  that  the 
engine  can  be  worked  equally  well  from  either  end.  The  driver 
always  stands  full  in  front.  The  engine  is  handled  easily  by  one 
man,  wherever   the    local  authorities  allow  it;  and  practice   has 
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proved  that  ono  roan  is  sufficient.  The  couplings  are  central, 
and  arranged  to  push  and  pull.  When  the  engine  mns  against  the 
car,  the  couplings  come  together,  the  driver  drops  in  the  coupling- 
pin  from  whore  he  stands,  and  the  connection  is  made.  The  fuel  is 
coke.     The  weight  of  the  engine  loaded  is  about  6  J  tons. 

II.  Description  of  the  Valve^Gear, — The  valve-gear,  as  already 
mentioned,  is  very  simple,  and  contains  no  parts  liable  to  suffer  from 
dust,  mud  &c.  The  distribution  of  steam  is  very  correct  both  in 
fore  and  back  gears,  much  better  in  fact  than  can  be  obtained  by  the 
common  link  motion,  as  a  very  slight  inspection  of  the  foregoing 
Table  will  show.  Figs.  4  and  5,  Plate  3,  are  diagrams  of  the 
valve-gear  &c.,  which  will  serve  to  make  the  mode  of  action 
intelligible :  Fig.  4,  mid  gear ;  Fig.  5,  full  lines,  fore  gear  fall ; 
dotted  lines,  back  gear  full.  It  will  be  seen  to  have  some  similarity 
with  Hackworth's  or  with  Waelschaert's,  but  to  differ  from  these  in 
being  worked  off  a  pin  situated  at  some  point  on  the  connecting- 
rod,  and  in  requiring  neither  eccentrics  nor  cranks;  farther  the 
new  gear  is  furnished  with  several  combinations  which  render  it 
easy  to  eliminate  any  errors  caused  by  the  curved  paths  of  the 
various  parts  composing  the  mechanism ;  indeed,  by  very  carefully 
choosing  the  proportions,  the  distribution  may  be  made  nearly 
mathematically  correct  for  each  notch  of  the  sector,  as  well  in 
backward  as  in  forward  gear.  The  gear,  as  shown  in  the  diagrams, 
is  adapted  to  an  engine  fitted  with  a  working  beam;  the  motion 
is  taken  entirely  from  one  point  A  in  the  connecting-rod,  situated 
at  alK)ut  one-third  of  the  length  from  the  crank-pin  end.  The  path 
described  by  this  point  is  an  ellipse  with  a  curved  major  axis,  the 
curvature  l)oing  produced  by  the  small  end  of  the  connecting-rod 
being  constrained  ti>  move  in  the  arc  of  a  circle  by  the  working 
beam  ;  this  curved  elli|>8e  serves  to  neutralise  the  error  which  would 
otherwise  be  |>rcsent,  arising  from  the  curve  described  by  the  end 
of  the  |)ondulum  lever  B.  The  up|)er  end  C  of  this  lever  B  is 
articulated  to  a  system  of  radius  rods  D  and  E,  forming  a  sort 
of  |>arallel  motion ;  £  turning  on  a  pivot  at  F,  and  D  sliding  in 
aud  out  of  an  oscillating  socket  at  6.     Both  E  and  D  are  attached 
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to  tiie  doable-armed  lever,  or  reyersing  shaft,  H :  tbis  lever  turns 
about  the  fixed  point  J,  and  can  be  set  at  any  angle  between 
fall  gear  fore  and  full  gear  back,  Fig.  5.  The  mecbanism  is 
connected  to  the  slide-valve  by  tbe  connecting-rod  L  from  the 
point  E,  situated  on  the  pendolnm  lever  B  at  about  one-eighth  of 
its  length  from  the  upper  end.  The  motion  of  D  and  E  causes  the 
ellipseg  described  by  the  point  K  to  have  a  curved  major  axis,  and 
thns  eliminates  the  error  which  would  be  caused  by  the  angular 
motion  of  the  rod  L. 

It  will  be  seen  in  Fig.  4  that  in  mid  gear  the  major  axis  of 
the  ellipse  described  by  the  point  K  is  nearly  vertical,  as  shown  to 
a  larger  scale  at  P  ;  and  that  the  motion  imparted  to  the  valve  when 
the  gear  is  in  mid  position  scarcely  exceeds  the  sum  of  the  lap  and 
lead  at  both  ends,  which  is  the  amount  of  the  space  between  the  two 
dotted  lines  MM  and  NN.  This  amount  of  motion  is  consequently 
not  sufficient  to  admit  so  much  steam  as  that  the  engine  will  move. 

Fig.  5  shows,  in  full  lines,  the  reversing  lever  in  full  forward 
geir;  the  elliptical  path  of  the  point  E,  as  shown  enlarged  at  B, 
is  now  Been  to  be  inclined,  and  to  extend  much  beyond  the  limits  of 
its  horizontal  travel  in  mid  gear,  Fig.  4.  The  areas  of  the  parts 
of  the  ellipse  B  beyond  the  dotted  lines  MM  and  NN  represent  the 
UDoont  and  duration  of  the  openings  for  entrance  of  steam,  in  this  case 
amonnting  to  about  76  to  80  per  cent,  of  the  stroke.  By  placing  the 
nrersing  shaft  in  any  position  intermediate  between  full  gear  and  mid 
sear,  any  desired  amount  of  expansion  may  be  obtained. 

Fig.  5  shows  also,  in  dotted  lines,  the  position  of  the  mechanism  in 
foil  bick  gear ;  the  operation  of  the  gear  in  this  position  is  the  same 
u  described  for  fore  gear,  only  reversed. 

The  lead  is  constant  for  all  positions  of  tbe  reversing  lover. 
For  it  will  be  seen  on  trial  that  the  points  C  and  J  always  coincide 
when  the  engine  is  on  the  dead  points,  in  whatever  position  the 
'Versing  lever  may  be.  A  further  advantage  of  this  gear  is  that 
»>  u  not  much  affected  by  the  vertical  play  of  the  axles. 

in.  Diwtenmons  and  particulars. — The  engine  shown  in  the 
datingg  is  of  the  Type  No.  11.,  which  is  considered  to  be  a  useful 
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average  size.  It  is  the  size  most  in  nse,  and  will  banl  with 
15  tons  np  a  gradient  of  3  per  cent.,  or  1  in  33.  No  donbt  in 
many  modifications  will  have  to  be  made,  to  suit  the  ya: 
requirements  of  different  towns  and  districts. 

The  principal  dimensions  and  particulars  of  the  three  typ 
engines  at  present  made  are  given  in  the  following  Table  : — 


Particulars  of  Engine. 

Type 
No.  I. 

Type 
No.  11. 

Ty 

No. 

Weight  in  working  order  without  coDdenser 

17,0001b. 

14,500  lb. 

11, 6( 

Weight  in  working  order  with  oondenaer  ... 

18,3001b. 

15,5001b. 

12, 3( 

Water  in  Tank 

.           ... 

160  gals. 

110  gals. 

108 

Weight  of  Fuel 

».           ... 

270  lb. 

224  lb. 

180 

w neei  d&86     ...        ...        ...        •■ 

■  •           ... 

5  ft. 

5  ft. 

4  ft.] 

Diameter  of  wheels 

» .           ... 

24  to  28  in. 

24  to  28  in. 

24  to 

Diameter  of  cylinder 

1 .           ... 

6ft  in. 

5i  in. 

4J 

otroKO            ...        ...        •••        •< 

> .           ••* 

llf  in. 

llJin. 

Hi 

Heating  surflEtce        

I .           . .  • 

130  sq.  ft. 

102  sq.  ft. 

81  SI 

Maximum  pressure , 

1  •           ... 

220  lb. 

220  lb. 

220 

Extreme  length        

»•           ... 

12  ft.  3  in. 

12  ft. 

11 

„      breadth      ... 

».           • . . 

6  ft.  6  in. 

6  ft.  4  in. 

6  ft. 

^      height       

.           ... 

12  ft. 

12  ft. 

12 

Tractive  force  with  24  in.  wheels   .. 

1  •           • .  • 

30001b. 

2300  lb. 

170C 

tf          n          n      ^  ^»          >»         •' 

•           •*• 

2570  lb. 

1970  lb. 

145C 

rV.  Working  Cost, — As  regards  cost  of  working  there  h 
yet  any  actual  experience  in  England.  In  Strashurg,  where 
engine  draws  at  different  times  two,  three,  and  frequently  four 
it  is  considered  that,  since  a  sufficient  number  of  horses  would 
to  he  kept  to  work  the  maximum  traffic,  the  comparison  betwee; 
cost  of  engine-power  and  of  horse-power  is  yery  greatly  in  fayo 
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the  fonner ;  and  that,  even  where  a  fixed  and  regular  traffic  exists,  the 
floit  of  engine-power  is  mnch  less  than  that  of  horses. 

It  will  require  the  experience  of  many  years  to  arrive  at  anything 
like  exact  figures  as  to  working  cost.  During  a  great  part  of  the 
thoe  for  which  these  engines  have  been  running  they  have  been  only 
feeling  the  way.  The  advantage  of  mechanical  traction  varies 
greatlj  with  the  nature  of  the  traffic.  When  this  is  subject  to  great 
ioctnAtions,  as  in  the  case  of  Strasburg  just  mentioned,  mechanical 
tnctioQ  is  enormously  cheaper  than  animal  traction;  but  on  lines 
vhere  the  traffic  is  less  fluctuating,  and  the  service  can  be  carried 
on  by  one-horse  cars  in  rapid  succession,  the  advantage  of  mechanical 
tnctioQ  in  the  shape  of  a  locomotive  is  less  apparent.  In  such  cases 
tbe  combined  car  and  engine  would  probably  be  more  advantageous. 
On  the  other  hand  in  cases  of  heavy  gradients  the  advantage  of 
ttecbuiical  traction  is  very  great,  as  long  heavy  gradients  are  very 
nunous  to  horses. 

In  Strasburg  the  Company  has  twelve  engines  of  No.  II.  type. 
Daring  the  week  six  to  eight  engines  are  at  work ;  but  on  Sundays 
efien  the  whole  twelve  are  running,  as  the  traffic  on  the  week-days 
^  not  average  more  than  40  per  cent,  of  the  Sunday  traffic. 
Tbe  consumption  of  fuel  and  oil  per  engine,  as  well  as  the  distance 
nm,  daring  four  months  in  1878,  is  shown  in  the  annexed  Table 
tiken  from  the  books  of  the  Company : — 


1878. 

Fael.  iQcluding 
getting  ap  steMn. 

Labjricating 
nuteriaL 

Distance 

run 
per  day 
and 
per  engine. 

Number 

of 
passengers 
per  engine. 

Coke 
pcrboor. 

Coftl 
per  day. 

Oil 
per  day. 

TaUow 
per  day. 

AugMt  • 

8ept«mbcT 

October      

NoTttnber 

Lbs. 
20-00 

23-00 

25-25 

30-50 

Lbs. 
16-00 

67-20 

70-25 

83-00 

Lbs. 
2*80 

2-25 

2-96 

3-30 

Lbs. 
0-00 

1-06 

113 

0-81 

Miles. 
51  00 

49-20 

48-50 

44-80 

771 
680 
C04 
560 

Ifema 

24*68 

59-11 

2-82 

0-75 

48-37 

654 

I  2 
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The  cost  of  working  per  day  and  per  engine  is  as  under,  aecoidii 
to  the  books  of  the  Strasborg  Company : — 

MarlcB  or  ShllllAgB. 
Redemption  and  Interest         .         .        .  .4*80 

Bepaira  and  CleoniDg 3*81 

Coke  and  Coal 5*00 

Oil,  Tfcllow,  and  Packing 1'50 

Wages  of  Driver 4*80 

Total     .        19*91 


This  Lb  equivalent  to  abont  £1  for  50  miles,  or  about  5d,  per  mile. 

The  arrangements  at  Strasbnrg  for  repairing  and  for  condncti 
the  traffic  are  very  complete  and  under  good  controL  The  engii 
are  regnlarly  washed  out  at  short  intervals,  and  the  smallest  defe 
are  made  good  inmiediately.  The  want  of  the  above  arrangemen 
together  with  a  bad  line,  has  been  the  canse  of  the  abandonmi 
of  more  than  one  attempt  at  introducing  steam  traction. 

It  is  necessary  to   have   from   one-fourth    to  one-third  m< 
engines   than   are   daily   at   work,  so   that  repairs,   washing  o 
cleaning  &c.,  may  bo  done  thoroughly,  and  also  as  a  reserve 
contingencies;  and  on  this  assumption,  the  cost  of  working 
engines  daily  with  two  in  reserve  would  be  as  under,  taking  1 
Strasburg  prices  as  correct : — 


Bedemption  and  Interest  on  8  engrines,  at  4*80 

Eight  Drivers, 4*80 

Bepairs,  Cleaning,  «fco.,  for  8  engines,  „  3*81 
Coke  and  Coal,  „    6        „        ,,5*00 

Oil  tmd  Tallow,  „    6        „        „   1*50 


Marks  or  ShfllingB. 
38*40 

38*40 

30*48 

30*00 

9-00 


14^*28 


Hence  the  daily  cost  for  six  engines  in  service  and  two  in  reserve 

li^l^—  24*88  shillings  per  engine  working,  or  say  6J.  per  mile, 
b 

In  case  of  the  reserve  engines  being  occasionally  in  service, 
daily  cost  per  engine  would  bo  somewhat  less. 

The  above  refers  to  Strasburg,  where  the  number  of  miles  tux 
smalL    We  will  now  take  another  case,  that  of  the  Hamburg  i 
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Wiodibeck  Tramway,  where  the  service  is  moi^e  severe,  the  line  in 
bid  order,  and  the  means  of  repairing  very  scanty  ;  here  each  engine 
btt  to  nm  81  miles  per  day  with  2  cars,  or  has  10  double  trips  per 
daj.  The  consumption  is  670  lb.  of  gas-coke  per  day,  costing  6«. 
The  diily  outlay  is  as  under : — 

Marks  or  Shillings. 
Redemption  and  Interest    ......     5*35 

Bqwin  and  Cleaning 4*50 

Driver 4-50 

Bojtohelp 200 

Fuel         ... 600 

OaandTaUow 1*70 

Total,  withoat  reserve  engmes  .         .         .24*05 

For  the  reaerve  engines  must  be  added  one-third  of  the 

first  fonr  items,  or 5*45 

Total  Daily  Outlay,  including  reserve  engines      29-50 

TUs  is  equivalent  to  4j^.  per  mile  only. 

We  may  compare  the  above  with  the  cost  of  working  the  line 
with  animal  traction,  which  for  1877,  according  to  the  report  of 
the  Company,  was  as  under :—  ^^  ^,  ^^^ 

Stable  staff 58585*25 

Stable  working  expenses,  cleaning,  &c.  .  7911*35 

OaU 77205*87 

Maiae 96063*39 

Hay 54629*86 

Sundry  forage 29066*95 

Straw 21264*41 

Sawdust 12269  00 

Shoeing 24477*15 

Harness 4892*30 

Depreciation  of  horses 87624*73 

M  stable  inventory    ....      3478*24 

Interest  on  the  value  of  horses,  5  per  cent  on  244900      12245  *  00 

Gross  total  without  drivers  439713*50 

Bednct  the  value  of  the  manure  10583*76 

Net  total  without  drivers  .         .  429129*74 

For  the  year  1877  the  total  number  of  double  trips  made  amounted 
to  118,911 ;  BO  that  we  have : —  ^ 
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Marks  or  Shillingi 
Cost  per  double  trip  without  driver    .         •         *        .     3*695 

Add  cost  of  driver  per  double  trip  ....        0*375 
Total  per  double  trip 


Hence  10  double  trips  (following  the  mode  of  calenlating 
steam  traction)  would  cost  per  day  with  animal  traction  4( 
shillings,  or  38  per  cent,  more  than  the  cost  with  steam  (29  *  5 
There  is  the  further  advantage  with  steam  traction  of  being  ab] 
haul  more  than  one  car  at  Ji  time,  which  is  not  taken  into  considers 
in  the  above  calculations.  To  make  the  difference  clear,  the  grei 
number  of  persons  carried  at  one  time  with  horse  traction  would 
exceed  50  to  60,  whilst  with  steam  traction  100  to  120  persons  in 
cars  is  not  at  all  an  uncommon  number.  In  Strasburg  200  to 
passengers  have  often  been  carried  in  one  train  of  four  cars.  TaJ 
into  consideration  the  ease  with  which  two  double-storied  cars,  f 
loaded,  can  be  hauled  by  engine  power,  even  on  steep  inclines, 
economical  advantage  of  mechanical  traction  is  very  apparent.    Tl 

Marks  or  Shillings 
2  Cars  with  animal  traction  coat  per  day  40*70 X 2  =       81  *40 

2  Cars  with  engine  traction  cost  per  day         .         .        29*50 
Difference  in  favour  of  eng^e  per  day  .         .     51  *  90 

In  the  above  sum  the  outlay  for  conductors,  car  capital,  and  re|] 
of  cars  &c.,  is  not  included,  being  the  same  in  both  cases. 

According    to    later  data  obtained  at  Strasburg  for  a  pe: 
extending  over  a  year's  working,  the  result  is  as  under : — > 

Repairs*  per  day  and  per  engine,  4*60  marks  or  shillings. 
Average  work  per  engine  per  month,  1800  kilos  or  1100  miles. 
Average  number  of  days'  service  per  month,  19  to  20. 
Average  consumption  of  coke,  1  *  60  kg.  per  kilo,  or  5  *  68  lb.  per  mile. 
Lowest  consumption  of  coke,  1*35  kg.  per  kilo,  or  4*79  lb.  per  mile. 
Lubricating  material  per  day  and  per  eng^e,  2*24  lb. 
Load  hauled,  from  7^  to  16  tons  over  giadients  up  to  1  in  30. 
Average  speed,  12  kilos  (or  H  miles)  per  hour  including  stoppages. 

*  These  include  renewal  of  a  number  of  tyres,  some  new  springs,  and  i 
small  alterations,  espedaUy  in  the  construction  of  the  connecting  and  oouf 
rod  ends.  These  items,  which  will  not  recur,  make  the  cost  of  repairs  hij 
than  in  the  first  oaloulationar 
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In  Hamburg  the  average  load  hauled  is  15  tons  over  very 
tmddating  ground  with  few  level  stretches,  and  with  gradients 
TarTing  horn  1  in  100  to  1  in  33.  In  Brussels,  Turin,  Florence,  and 
Madrid,  engines  of  No.  II.  size  work  inclines  up  to  1  in  15 ;  and  in 
Geneya  a  No.  L  engine  works  regularly  on  a  lon^  gradient  of  1  in  18, 
on  wluch  the  rolling  resistance  is  so  great,  in  consequence  of  the 
iharp  dures  and  the  excessively  dirty  state  of  the  rails,  that  it  is 
often  necessary  to  use  steam  even  when  descending.  The  load 
hauled  is  about  7  tons. 

The  number  of  engines  actually  built  and  at  work  up  to  the  end 
of  1879  was  65,  and  about  20  more  were  then  in  course  of  construction. 
The  oldest  engine  has  been  running  at  Greneva  for  about  2^  years. 
The  ayerage  running  consumption  of  coke  with  these  engines, 
exclnaiye  of  getting  up  steam,  is  on  level  roads  1  kg.  per  kilometre, 
or  3*6  lb.  per  mile,  with  an  average  load  of  10  tons,  and  a  8X>eed  of 
12  kilometres,  or  7^  miles,  per  hour,  including  stoppages. 

Y.  Comparison  leiih  other  systems, — The    established    types    of 

tnmway  engines  naturally  divide    themselves  into  three  classes: 

(1)  The  independent  locomotive  class ;  (2)  The  fireless  locomotive, 

ntmg  steam ;  (3)  The  compressed-air  engine.     There  are  also  gas 

^gines  &c,  but  none  of  these  are  before  the  public     The  two  last 

chttes  have  in  common  the  fact  that  they  require  to  work  from  a 

fixed  base  or  station ;  and  the  whole  history  of  the  railway  system  goes 

to  show  that  in  the  long  run,  wherever  they  compete  on  equal  terms, 

the  self-contained  locomotive  is  more  economical  and  more  efficient 

than  any  arrangement  which  involves  stationary  plant.  As  regards  the 

fiieless  locomotive,  many  of  the  advantages  claimed  for  it  are  also 

pofiseesed  by  the  Brown  locomotive,  since  this  also  carries  steam  at  a 

high  pressure,  and  only  needs  attention  to  fire  and   water  at  long 

interrals.     No  doubt  in  places  such  as  docks  and  warehouses,  where 

^re  is    absolutely    forbidden,    the    fireless   locomotive   would   be 

raloable;    and,   to  carry  out  the  same  principle,  among  bales  of 

cotton,  in  grain  warehouses,  or  other  places  where  steam  or  damp 

of  any  kind  is  objectionable,  compressed  air  will  be  the  obvious 

motive  power.    Compressed  air  will  also  probably  be  the  motive 

power  underground. 
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As  regards  the  advantages  of  a  combined  car  and  engine,  wlien  all 
is  considered,  the  single  real  adyantage  in  fayonr  of  the  combination 
seems  to  be  that  of  additional  adhesion ;  and  this  is  only  obtained 
either  by  coupling  many  wheels  together,  which  is  inconyenient  in 
tramway  work,  or  by  putting  more  weight  on  each  wheel,  which  is 
looked  on  with  ill  favour  by  the  owners  of  tramways,  whose  roads 
are  generally  unfit  for  any  additional  load.  Still  there  are  cases 
where  this  construction  seems  advisable;  or  rather  perhaps  the 
adoption  of  some  of  the  arrangements  by  which  the  weight  of  one 
end  of  the  car  is  borne  by  the  engine.  Mr.  Charles  Brown  has 
built  cars  on  this  principle,  where  the  car  is  carried  by  the  engine  at 
one  end  and  by  a  bogey  at  the  other.  There  are  several  admitted 
drawbacks  to  a  combined  car  and  engine,  e.g.,,  that  any  repairs  to  the 
engine  lay  the  car  also  off  work,  that  the  car  has  to  go  into  the 
workshops  where  it  is  liable  to  get  dirty,  that  different  descriptions 
of  cars  cannot  be  used  for  different  occasions  without  great  extra 
outlay  in  plant,  that  each  engine  can  take  only  one  car,  and  that  the 
combined  engine  and  car  is  very  troublesome  and  heavy  if  it  gets 
off  the  line.     Nor  is  there  any  obvious  saving  in  first  cost. 

Lastly,  we  have  to  consider  simple  tramway  locomotives.  Both 
theory  and  practice  show  that  in  many  points  we  must  not  be  too 
closely  confined  by  the  recognised  traditions  of  locomotive  work. 
Possibly  even  in  ordinary  tank  locomotives,  for  slow  speeds  and  bad 
rondp,  there  is  too  much  resemblance  in  detail  to  the  strong  and 
comparatively  rigid  main-line  engine,  designed  for  good  roads  and 
high  speeds.  A  light  tramway  engine  cannot  afford  to  depart  from 
the  most  favourable  conditions  for  traction  and  self-pre6ervati(m ; 
thus  in  the  Brown  engine  the  arrangements  of  the  springs  and  axle- 
boxes  are  designed  with  the  view  of  keeping  the  four  wheels 
constantly  on  the  road,  and  of  making  the  engine  run  smoothly. 
Similarly  the  other  parts,  as  described  above,  are  all  considered  with 
a  view  to  the  special  requirements  of  the  work  to  be  done.  In  fiust 
daily  experience  seems  to  suggest,  not  that  tramway  engines  will 
return  to  the  type  of  the  common  locomotive,  but  rather  that  in  many 
cases  several  of  the  special  features  of  the  Brown  tramway  engine 
may  not  impossibly  be  adopted  with  advantage  in  some  of  the  classes 
of  engines  designed  for  railway  work. 
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Discussion. 

Mr.  B.  C.  Bbownx  wished  to  obserre  that  the  statement  on  p.  47 
0/  the  paper — ^  In  fiitnre  all  engines  will  be  fitted  with  steam 
brakes  " — applied  only  to  those  made  for  English  use,  the  Board  of 
Tnde  haying  expressed  a  strong  opinion  in  favour  of  steam  brakes. 
For  that  reason,  and  perhaps  for  that  reason  only,  it  was  desired  to 
tte  them.  With  regard  to  some  of  the  Tables  printed  in  the  paper, 
he  had  been  asked  why  they  were  not  always  pnt  in  the  form  in 
which  it  was  easiest  to  compare  them  with  each  other.  The  reason 
vaa  that  they  were  all  taken  as  exactly  as  possible  from  books  or 
lepofti  of  Tarions  tramway  companies.  Of  coarse,  in  ruming  these 
engines  in  England,  he  had  had  to  make  some  small  additions,  simply 
to  meet  the  Board  of  Trade  requirements ;  e.g.,  to  put  on  a  speed 
indicator  and  a  governor,  and  also  to  dose  in  the  sides.  He  had 
preferred  however  to  submit  the  engine  to  the  Institution  simply  as 
Mr.  Brown  himself  had  made  it,  without  putting  in  those  small 
fitters  which  he  had  added,  but  which  might  be  taken  away  at  any 
me  and  had  no  special  interest  in  them.  He  would  add  that 
if  any  gentleman  wished  to  see  the  engine  at  work,  he  could  do  so, 
■ooe  by  the  kindness  of  Mr.  Webb  it  would  be  exhibited  on  the 
ibUowing  morning  at  11  o'clock  near  the  Willesden  station. 

Hr.  Hetbt  Huohxs  said  he  had  been  running  an  engine  in  the 
public  streets  twelve  months  before  the  Brown  engine  was  brought 
OBt ;  and  he  could  not  adopt  the  author^s  conclusion,  that  Mr.  Brown's 
engine  was  the  best  that  had  been  brought  out  for  tramway  purposes. 
Li  many  respects  he  considered  it  to  be  the  worst  For  instance,  he 
eonsidered  it  a  mistake  to  work  in  the  public  streets  with  220  lbs.  of 
iteam.  It  was  well  known  that  with  very  high  pressures  it  was  very 
difficult  work  to  run  along  the  public  streets.  The  jar  of  running 
over  atones  injured  the  pipes,  and  there  was  great  difficulty  in  keeping 
the  pipes  and  joints  sound.    Any  gentleman  who  had  had  experience 
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in  the  bursting  of  tubes  would  know  that  it  was  a  very  awk^ 
thing  for  the  driyer  and  passengers  if  a  tube  should  burst  under 
lbs.  pressure.      Again,   he  considered  the  fire-box  was  not    ' 
designed  to  stand  so  great  a  pressure,  and  especially  that  the  I 
just  under  the  tube-plate,  at  the  junction  between  the  vertical 
horizontal  parts,  was  a  very  weak  point  in  the  construction.     He 
thought  that  more  stays  ought  to  be  put  in  above  the  fire-box ; 
perhaps  that  was  only  an  omission  in  the  drawing.     That  wac 
believed,  a  design  of  boiler  very  commonly  used,  and  very  conveni 
for  portable  steam  engines ;  and  a  very  good  one  for  giving  a  g 
range  of  water-level  above  the  fire-box.     He  did  not  think  it 
economical  (although  the  amount  of  fuel  consumed  was  said  in 
paper  to  be  very  small),  because  of  the  shortness  of  the  tubes, 
supposed  that  the  tubes  were  made  short  and  the  pressure  higl 
order  to  produce  a  great  heat  in  the  chimney,  and  thus  to  saper 
the  exhaust  steam,  so  that  it  might  not  be  seen  in  the  streets.     Bu 
ordinary  locomotive  boiler  could  be  made  to  do  exactly  the  sam< 
simply  lengthening  the  barrel  and  putting  a  large  dome  in  the  mid 
and  he  believed  it  would  then  be  a  better  boiler  and  more  useful 
tramway  work. 

The  position  of  the  cylinders  he  did  not  consider  an  improvem 
He  did  not  think  it  very  important  to  keep  the  cylinders  so  much 
of  dust  and  dirt :  he  believed  that  the  blame  had  often  been  thr 
on  dust  and  dirt,  when  it  ought  to  have  been  attributed  to 
workmanship  in  the  engines.  An  express  locomotive  was  o 
covered  with  sand  in  its  journey,  by  passing  at  high  speed  throng] 
atmosphere  containing  a  great  quantity  of  sand ;  and  yet  very  li 
damage  was  done  to  it. 

Some  merit  had  been  claimed  because  the  axle-boxes  were  n 
to  move  laterally  within  the  horn  blocks.  It  was  no  doubt  necesi 
for  tramway  work  to  give  the  axle-boxes  some  lateral  movem< 
but  he  thought  that  could  be  done  without  any  complicatioi 
machinery,  or  anything  peculiar  in  the  springs.  He  understood 
the  springs  used  were  spiral  springs,  which  he  thought  were 
worst  sort  that  could  be  used  upon  tramways,  because  the  section 
80  smalli  only  j^  in.  or  |  in.  diameter. 
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Mr.  B.  C.  Bbownb  said  that  there  were  spiral  springs  on  the 
frcmt  axle,  but  ordinary  leaf  springs  on  the  hind  axle. 

Mr.  HuGHKS  believed  that  Mr.  Brown  nsed  to  have  them  all 
spinl,  but  he  supposed  he  had  fonnd  ont  the  difficulty  jost  alluded 
to.  Spiral  springs  would  not  do  for  tramway  work.  The  ordinary 
leif  spring  had  a  very  great  section,  and  offered  great  resistance, 
wlierets  spiral  springs  broke  through  rapidly ;  and  if  one  went,  the 
rest  wonld  very  soon  follow. 

There  was  a  great  objection  also  to  the  form  of  condenser  shown. 
There  were  evidently  two  opposing  tendencies  at  work,  one  to  make 
the  steam  in  the  chimney  as  hot  as  possible,  so  as  to  become  invisible, 
and  the  other  to  take  the  steam  into  a  condenser,  in  order  to 
eoodense  it  The  tubes,  as  shown,  were  not  at  all  sufficient  for 
condensing  the  steam  that  would  be  used ;  he  did  not  believe  that  a 
twentieth  part  of  it  would  be  so  condensed.  The  weight  of  brass 
which  was  carried  in  those  tubes  would  be  far  better  carried  as  cold 
water,  in  that  it  would  condense  much  more  steam.  He  had 
himself  tried  all  sorts  of  condensers,  and  had  calculated  the  time 
wbich  tabes  tock  to  condense,  and  the  amount  of  water  required  to 
condense  steam  from  certain  classes  of  engines.  He  had  tried 
iiuxing  the  air  directly  with  the  steam,  but  by  that  means  he  only 
prodneed  a  cold  London  fog.  He  had  come  at  last  to  the  conclusion 
tliat  there  was  no  better  way  of  getting  rid  of  steam  in  a  tramway 
engine,  than  by  sending  it  into  a  closed  cold-water  tank  and  confining 
It  there.  If  there  was  any  exit  into  the  air,  the  steam  would  be  sure 
to  show.  It  might  be  possible  for  a  certain  distance  on  a  level  to 
condense  the  steam  in  the  tubes  shown ;  but  when  going  up  a  gradient 
of  1  in  20,  perhaps  ten  times  the  previous  amount  of  steam  would 
be  required,  and  then  the  engine  would  puff  out  steam  enough  to  £11 
^  street,  which  in  a  place  like  Glasgow  or  London  would  certainly 
not  he  allowed. 

Another  small  point  was  that,  for  the  sake  of  the  drivers,  the 
engine  should  always  be  cased  in  at  the  ends,  as  well  as  at  the 
^^  which  was  not  done  with  the  engine  described* 
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\v(  re  oil  a  railway,  using  only  3h  lb, 
The  paper  stated  that  in  this 
obtained  of  the  cost  of  working ;  \ 
accoantB  for  three  jeans  on  the  Yale 
were  working  in  Glasgow ;  and  fron 
it  might  be  taken  for  granted  that  on 
five  pence  per  mile. 

Turning  now  to  the  difBlcnlties  that 
tramways  by  steam,  he  would  first 
tramways  which  had  been  laid  in  ear. 
successfully  on  a  bad  tramway  was  ho 
crossings  should  be  particularly  atten 
order;  because  the  wheels  were  apt 
the  crossings,  and  so  make  the  engine  t 
caused  by  stones,  bits  of  wood  &c.,  tho 
be  contended  with :  such  things  prod 
engine,  and  he  thought  some  simple  me 
them  out  of  the  way.     The  chief  poii 
drivers  and  good  management.     If  en^ 
good  managers  and  drivers  were  emplo 
From  the  experienrw*  ^-  ' 
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kge  wheels  and  laige  cylinders,  and  by  doing  so  a  very  great 
ndoction  in  the  piston  speed  wonld  be  obtained.  The  last  fifteen 
eogineB  that  he  liad  himself  designed,  were  running  at  half  the  speed 
of  the  pieYions  ones.  The  power  might  be  increased  at  any  time  by 
reducing  the  size  of  the  wheels,  bnt  the  ordinary  traffic  could  be 
worked  eren  with  a  ^-foot  wheel,  without  any  inconvenience  to  the 
engines,  and  with  a  very  greatly  reduced  amount  of  wear  and  tear : 
ud  wear  and  tear  after  all  was  the  great  element  of  cost  in  a  tramway 
engine.  There  should  also  be  yery  few  parts  in  such  an  engine. 
In  the  engine  before  them  the  rocking  beam  was  an  addition  that 
might  be  dispensed  with.  He  had  himself  seen,  on  this  engine  in 
Fins,  I  in.  of  play  between  the  end  of  the  lower  connecting  rod  and 
the  pin  of  the  rocking  beam ;  and  he  was  then  informed  by  the 
goremment  inspector  that  the  engine  worked  very  well,  but  that  he 
wiB  going  to  couple  the  cylinder  direct  on  to  the  crank-pin,  and  then 
it  would  be  a  very  good  engine  indeed. 

He  should  like  to  add  a  few  remarks  upon  a  yery  extraordinary 

•eddent  that  had  occurred  to  his  own  engines.    Twelve  of  those 

engines  w^re   taken  to  Paris,  and  in  about  a  fortnight  eleven  of 

them  were   hors  de  combat.    Previously  to  this  one  of  the  same 

engines    had    been    worked    constantly    for    a    month,   and    had 

worked  remarkably  well.     The  water  then  used  was  that  from  the 

SfkB  at  the  Bastille ;  the  cylinders  were  oiled  with  suet,  and  the 

engine  was  worked  by  the  company's  own  men.    It   worked  so 

Mttigfictorily  during  the  month,  that  twelve  engpnes  were  ordered. 

&nii6  of  these  were  run  by  his  own  drivers,  and  some  by  French 

drirers,  and  the  water  was  taken  from  the  Seine  and  the  Mame.    Not 

<^  of  those  engines  would  stand  five  days.    He  was  assured  that 

no  oil  had  been  used  for  the  cylinders  from  the  first ;  and  certainly 

nothing  but  suet  had  been  used  on  the  experimental  engine,  which 

Jet  was  one  of  those  that  gave  way.    In  some  cases  the  tubes 

completely  broke  off,  and  the  whole  contents  of  the  boiler  came  out 

in  the  street.    In  some  the  tube-plate  would  bulge  in,  in  the  centre 

below  the  tubes,  and  in  some  the  fire-box  itself  was  bent.    The 

fdline  was  not  gradual,  but  instantaneous.     The  engine  would  be 

(oiag  one  wmy  perfectly  sound,  and  would  come  back  almost  directly  . 
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all  wrong ;  and  would  tben  go  back  again  quite  right.  He  C8 
in  the  assistance  of  M.  Tresca,  who  said  that  the  cause  was  va 
expansion  of  the  tubes  and  fire-box ;  that  the  boiler  was  made 
stiff  in  the  outside  shell,  and  that  the  expansion  of  the  tubes 
the  fire-box  prevented  the  tubes  from  having  their  proper  ! 
on  the  tube-plate ;  therefore  the  tube-plate,  from  the  pressur 
the  steam  within,  pressed  outwards  and  bulged  out  below  the  ti 
causing  them  to  bend  and  break  off.  M.  Banderali  of  the  Nortl 
Bailwaj  was  also  kind  enough  to  take  great  interest  in  the  ma 
sending  his  men  to  repair  the  engine  at  cost  price ;  and  he  c 
not  believe  in  its  being  anything  but  that  the  workmanship  of 
boiler  was  not  good.  Of  course  he  himself  knew  that  it  could 
be  bad  workmanship,  because  he  had  had  boilers  which  had  wo: 
three  years  without  the  slightest  leakage.  Most  of  the  Fn 
boiler-makers  refused  to  believe  that,  and  wished  to'  put  in 
fire-boxes ;  but  he  knew  that  those  fire-boxes  had  stood 
pressure  of  17  atmospheres  under  the  Government  inspectioi 
Paris.  However  M.  Banderali  repaired  the  engine  perfectly ; 
although  the  work  was  done  by  excellent  men,  some  of  whom 
been  engaged  in  similar  work  for  the  last  fifteen  years,  it  did 
last  three  hours.  It  was-  again  repaired,  and  it  again  gave  way. 
last  he  was  obliged  to  come  to  the  conclusion  that  oil  had  1 
put  into  the  boilers.  For  the  axles,  an  oil  containing  anima 
had  been  found  to  answer  remarkably  well,  because  it  had  § 
consistency  and  did  not  run  through  the  bearings  readily.  Out 
the  suet  cups  was  inscribed  "  suet "  in  English,  in  order  to  pre 
any  of  this  oil  being  put  into  the  cylinders ;  but  probably  the  Fn 
drivers  had  mistaken  the  meaning  of  this;  at  all  events  they 
taken  care  to  pour  plenty  of  oil  into  the  boiler  through  the 
cups,  and  no  doubt  that  formed  a  calcareous  soap,  and  caused  al] 
mischief.  When  the  tubes  were  taken  out  however  the  calcar 
matter  was  perfectly  dry,  and  could  not  be  seen  to  contain  any  £ 
all ;  but  when  it  was  put  into  a  crucible  and  burned,  the  fieit  ooul 
smelt.  The  boilers  had  since  been  washed  out  with  muriatic  a 
and  a  separate  tank  had  been  put  on  for  the  condensing  wate 
Mr.  Brown  had  done.  The  boilers  were  now  fed  with  pore  w 
and  he  belieyed  that  they  would  have  no  more  difficulty  in  the  ma 
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ICr.  F.  C.  WiNBT  said  that  tramways  had  generally  been  made 
too  L'gkt  to  cany  locomotiYes.  Some  time  ago  he  had  observed  the 
tnmwiy  engines  running  in  Paris,  and  noticed  that  the  road  was 
fakocking  the  engines  to  pieces,  and  the  engines  were  knocking  the 
lotd  to  pieces ;  but  there  was  now  no  difficulty  in  laying  down  a 
line,  with  an  improved  section  of  rail,  that  would  carry  the  heaviest 
loconxytives.  The  features  that  had  to  be  looked  to  in  designing  a 
trtmway  locomotive  were — to  bring  the  weight  well  upon  four 
vheelB,  with  not  more  than  5  ft.  wheel  base,  which  was  the  utmost 
limit  tbat  would  pass  round  curves  of  35  ft.  radius ;  to  condense 
the  steam ;  to  make  as  little  noise  as  possible ;  and  to  keep  the 
maddDery  well  above  the  ground.  It  occurred  to  him  that  in 
Brown's  locomotive  a  better  arrangement  might  have  been  an 
intermediate  cranknshaft  close  to  the  fire-box,  acting  by  a  connecting 
lod  on  tbe  leading  wheel.  With  regard  to  the  valve  arrangement,  he 
nw  no  advantage  over  the  ordinary  valve-gear ;  for  the  number  of 
joints  and  levers  used  would,  in  wearing,  produce  collectively  a 
▼erj  considerable  play  in  the  connection  between  the  pistons  and 
tlid  Talves.  It  had  ooourred  to  him  also  that  a  good  condensing 
•naogement  might  be  made  by  using  a  water  tank  having  a  number 
of  tubes  passing  through  it,  like  an  ordinary  surface  condenser,  and 
hf  forcing  a  quantity  of  air  through  those  tubes,  to  absorb  the 
lieai  On  a  line  he  had  recently  constructed,  which  ran  ^  mile 
up  an  average  gradient  of  1  in  20,  and  then  2j^  miles  down  hill, 
some  mode  of  storing  up  power  was  much  wanted,  so  that  what  was 
gained  in  the  descent  might  be  utilised  in  the  ascent,  when  returning. 

Mr.  W«  Soh5nhbti>x&  had  observed  from  the  drawings  that  in 
eommnnioating  the  motion  &om  the  cylinder  to  the  rocking  beam  F 
(Fig.  1)  a  dog-link  was  used«  He  thought  that  was  very  objectionable, 
because  it  was  impossible  to  get  sufficient  wearing  surface  for  the  block 
in  the  link.  He  did  not  know  what  the  size  of  the  block  was  in  that 
ease^  bat  with  5j^inch  cylinders,  giving  a  piston  surface  of  about  24 
sq.  ins.,  and  with  220  lbs,  pressure  per  sq.  in.,  there  would  be  a 
total  pressure  of  about  5800  lbs.  on  the  piston.  Probably  the  block 
would  onlj  baTO  about  10  sq.  in.  of  surface ;  so  that  there  would  be 
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oyer  500  lbs.  per  eq.  in.  upon  it.  No  sorfaoe  of  that  description 
would  stand  such  a  pressure.  The  same  action  went  on  there  as  in 
the  guide  bars  for  cross-heads,  where  it  was  known  that  the  pressnre 
should  not  be  much  higher  than  40  lbs.  per  sq.  in. ;  so  that  a  Uodk 
of  that  description  must  necessarily  wear  yery  fast;  and  from  the 
remarks  of  Mr.  Hughes  it  appeared  that  these  blocks  had  actually 
worn  very  badly  in  Paris.  In  Figs.  4  and  5,  Plate  3,  he  saw  that  a 
better  construction  had  been  substituted. 

Another  point  to  which  he  would  refer  was  the  boiler.  If  a 
boiler  of  that  construction  was  to  stand  220  lbs.  per  sq.  in.,  it  must 
be  constructed  of  enormously  strong  plates,  because  the  angle 
connecting  the  horizontal  with  the  upright  part  formed  a  very  weak 
point.  It  was  the  old  story  over  again  of  the  dome  placed  upon  a 
Cornish  boiler,  and  the  whole  of  the  metal  cut  away  to  make  room  for 
it.  How  such  a  boiler  could  stand  220  lbs.,  without  yeiy  strong 
stays  or  some  enormous  thickness  of  plates,  he  could  not  understand. 

Mr.  W.  Ltstxb  Holt  obserred  that  on  page  51  a  statement  was 
given  of  the  consumption  of  coke  and  coal  for  four  months  at 
Strasborg ;  and  it  was  very  remarkable  that  in  each  successive  month 
the  consumption  of  both  coke  and  coal  increased,  while  the  mileage 
of  the  engines  and  the  number  of  passengers  decreased.  That,  as  it 
seemed  to  him,  could  only  be  accounted  for  in  two  ways.  Either  the 
engines  rapidly  deteriorated,  or  else  there  was  something  radically 
wrong  in  the  distribution  of  the  steam.  Perhaps  the  wear  and  tear 
was  greater  than  it  would  be  with  ordinary  eccentrics  and  link 
motion.  Then  he  noticed  that  on  page  52  the  cost  per  mile  was 
given  as  bd.  He  could  only  say  that  the  tramway  companies  in 
Paris  would  be  only  too  glad  to  let  the  whole  of  their  tramways  at 
7(2.  per  mile,  to  be  worked  by  any  contractor  who  would  supply  the 
engines. 

With  these  engines  the  same  difficulty  occurred  as  with  all  othei 
tramway  engines,  namely,  the  enormous  expense  of  repairs.  He 
included  in  this  the  redemption  and  interest,  which,  as  he  understood 
it,  would  mean  renewals.  According  to  the  paper  the  repairs  and 
renewals  would  cost  over  2d.  per  mile  out  of  5(2.,  or  over  40  per  cent 
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He  noticed  also  that  on  the  Hamburg  and  Wandsbeck  tramway, 
where  the  seryice  was  more  severe,  and  the  engine  ran  81  miles  per 
dij,  the  oonsamption  averaged  670  lbs.  of  gas  coke  per  day,  or 
ooDsidertbly  over  8  lbs.  per  mile.  His  experience  in  Paris  was 
that  this  ?ra8  about  the  average  consumption  there.  Therefore  there 
W18  nothing  economical  in  the  engine  which  they  were  considering. 
He  could  not  see  how  that  consumption,  in  actual  work,  of  very 
nearly  8^  lbs.  per  mile  could  be  reconciled  with  the  statement  on 
page  55,  that  the  average  running  consumption  of  coke  with  these 
engines  was  only  3  *  6  lbs.  per  mile.  If  such  a  result  could  be 
arriTed  at,  he  need  hardly  say  that  steam  would  very  soon  replace 
hones,  as  no  doubt  it  would  eventually. 

It  was  observed  on  page  44,  regarding  the  qualifications  of  a 
tramway    engine,    '^  Lastly,    it  must  be  worked   of  course  by  one 
man."    His  own  experience  in   Paris  had   been  that  it  would  be 
aheolotely  dangerous  to  work  with  one  man  in  crowded  thoroughfares. 
A  tramway  driver,  the  moment  he  had  started  his  engine,  could  not 
pay  any  attention  to  the  engine  its^;  he  had  to  look  to  the  street 
doasings,  and  matters  of  that  kind :  and  he  questioned  whether  even 
en  a  railway,  where  the  driver  had  less  to  do,  any   locomotive 
soperintendent  would  advocate  running   an  engine  with  one  man. 
In  miming  one  way,  with  Brown's  engine,  the  man  was  at  the  asmoke- 
box  end,  and  consequently  he  was  right  away  from  his  fire  door. 
That  would  not  so  much  matter  when  the  engines  were  new;  but 
after  mnning  a  certain  <time  locomotives  were  apt  to  leak,  and  tubes 
to  hurst,  and  the  man  would  not  be  near  to  plug  them  up.    It  was 
well  known  too  that  tramway  locomotives  had  a  disagreeable  habit 
of  priming ;  but  the  driver,  being  sheltered  by  the  cover,  did  not 
feel  the  effects  of  that  priming,  and  often  knew  nothing  about  it. 
His  belief  was  that  half  the  accidents  which  had  occurred  to  tramway 
locomotives  through   shortness  of  water,  had  been  caused  by  the 
simple  fauci  that  the  driver  thought  he  had  got  a  boilerful  of  water, 
when  it  had  primed  away.     He  did  not  take  the  trouble  to  look  at 
his  gauge  glass :  in  fact  he  had  not  time  to  do  so,  having  to  look  out 
to  prevent  accidents ;  and  so  he  was  suddenly  astonished  by  the  safety 
plug  burning  ont.     He  was  speaking  of  things  that  had  happened 
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perhaps  once  a  week.  In  his  opinion  therefore  it  was  a  mista 
leave  the  engine  with  only  one  man.  There  might  be  a  small 
as  in  Paris,  to  blow  the  horn  and  look  after  the  fire ;  bat  there 
be  a  thoroughly  competent  man  whose  sole  attention,  or  at  leai 
greater  part  of  it,  must  be  given  to  the  engine,  as  in  the  case  < 
ordinary  locomotive. 

The  Brown  engine  certainly  possessed  one  good  feature  i] 
machinery  being  raised  from  the  ground ;  for  his  own  experienc 
been  that,  apart  from  the  defects  of  the  road,  dust  had  been  the 
enemy  of  tramway  engines.  It  must  be  remembered  that  wil 
ordinary  tramway  locomotive  the  crank  and  the  big  end  o 
connecting-rod  and  the  eccentric  straps  sometimes  came  within 
of  the  groimd :  as  for  instance  with  the  engines  working  at  I 
and  Paris,  having  inside  cylinders  of  7  in.  diameter  and  11  in.  si 
and  wheels  2  ft.  diameter  on  tread  when  new.  Moreover  a  trai 
rail  was  not  like  the  raised  rail  of  an  ordinary  railway,  but  wac 
level  with  the  ground,  and  had  a  groove  in  which  the  dust  anc 
accumulated,  to  be  churned  wf  by  the  wheels.  This  was  no 
point,  because  the  same  evil  occurred  in  India,  with  a  very  di£ 
sort  of  service,,  as  Mr.  Crompton  had  informed  them  (Proceec 
1879,  p.  503).  Further  he  believed  it  to  be  a  well-known  Ulc 
in  very  small  narrow-gauge  locomotives,  where  the  machiner 
very  near  the  ground,  it  had  been  observed  that  after  even  onl, 
days'  service  the  brasses  &c.  had  been  completely  worn  and  cut  thi 
Unfortunately  the  paper  gave  no  statistics  as  to  the  cost  of  wo 
Mr.  Brown's  engines  in  Paris.  Had  it  done  so,  they  would  pro 
have  been  able  to  compare  it  with  the  cost  of  working  three  o] 
ordinary  ty}>es  of  engines,  such  as  Merryweather's,  Fox  Wall 
Co.'s,  and  the  Compagnie  de  Fives-Lille's  engines.  He  di 
know  whether  Mr.  Brown's  engines  were  running  now  in  Pari; 
if  they  were  it  would  be  interesting  to  learn  what  they  were 
doing,  because  other  engines  with  six  wheels,  constructed  in  Bel 
had  been  lately  running  on  the  same  line;  and  that  line 
constructed  better  than  the  generality  of  tramways  in  ! 
Underneath  the  longitudinal  timbers  were  cross  sleepers,  simi] 
those  in  the  tramways  at  Bouen. 
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Thej  had  heard  from  Mr.  Hughes  that  he  had  sufifered  very  much 
from  the  fire-boxes  of  his  engines  in  Paris  giving  out.  For  two  years 
lie  (Mr.  Holt)  had  used  for  his  engines  the  same  water  as  Mr.  Hughes 
Iiad  employed,  and  did  not  experience  the  same  effects ;  but  he  did 
not  condense.  This  point  was  certainly  one  that  required  some 
investigation,  because  the  experience  was  so  contrary  to  that  of  the 
Metropolitan  and  District  Bailways.  So  far  as  he  was  aware,  it  was 
not  found  there  that  the  introduction  of  oil  and  tallow  had  any 
bnrtfid  effect  on  the  engines.  In  fact  he  had  heard  one  locomotive 
foperintendent  say  that  it  was  an  advantage,  as  he  did  not  use  so 
mnch  oil  and  tallow  as  he  otherwise  should. 

Kr.  B.  E.  B.  Gbomfton,  referring  to  Mr.  Hughes'  observations 

tbont  large  wheels,  said  that  all  engineers  would  put  large  wheels 

OD  tnunway  engines  if  they  could;    but    large    wheels,    without 

ecnresponding  increase  in  length  of  stroke  and  consequent  increase  in 

gsaeal  dimensions,  meant  slow  piston- speed,  and  the  piston-speed  was 

Tezy  small  in  tramway  engines  already ;  it  was  not  desirable  therefore 

to  decrease  it,  if  it  could  be  helped.     He  wished  to  protest  against 

Kr.  Hughes'  objection  to  high  pressures.     Mr.  Brown  had  apparently 

loooeeded    in    carrying    his    pressure    of    220    lbs.    without  any 

extiaordinary  trouble.     No  doubt  with  that   construction  of  boiler 

it  might  be  supposed  that  under  220  lbs.  pressure  there  would  be 

considerable  distortion  at  the  junction  of  the  vertical  and  horizontal 

parts;  bat  he  had  no  doubt  that  by  using  strong  flanges  or  angle- 

inm  rings  Mr.  Brown  had  prevented  that. 

The  arrangement  for  condensing  the  steam  did  not  seem  sufficient. 
Mr.  Tomlinson,  in  speaking  on  M.  Francq's  paper  at  Manchester 
(Proceedings  1879,  p.  680),  said  that  with  a  condensing  surface  of 
1600  sq.  ft.,  or  considerably  more  than  the  heating  surface  in  the 
boiler,  he  did  not  condense  one-tenth  of  the  steam.  He  was  himself 
preaent  at  several  trials  made  some  years  ago  with  Mr.  Perkins' 
BDudl  road  locomotives,  working  at  about  500  lbs.  pressure ;  and 
there  an  air  condenser  was  r^uired  that  weighed  nearly  as  much 
IS  ike  whole  engine  besides,  in  order  to  condense  the  whole  of  the 
ileam.     The  condenser  shown  to  the  meeting  would,  he  thought,  do 

K  2 
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more  harm  than  good.  The  steam  that  escaped  would  come  out  in  a 
Yery  Yisible  form.  As  far  as  his  experience  of  engines  on  roads 
went,  the  best  way  of  .^getting  rid  of  the  steam  was  not  to  attempt  to 
condense  it  at  all,  but  to  keep  it  as  long  a  time  as  possible  in  contact 
with  tho  heai;6d  gases,  and  so  superheat  it.  That  answered  in  cYery 
way,  except  in  Yery  moist  atmospheres,  and  there,  do  what  they 
might,  they  could  not  get  rid  of  the  steam.  He  had  been  present  at 
scYcral  trials  of  tramway  locomotiYCS  in  Leeds ;  and  he  found  that 
the  steam  was  not  Yisible  in  the  high  parts  of  the  town,  but  directly 
the  engine  got  to  the  lower  parts,  the  steun  showed  itself  in  dense 
clouds. 

He  noticed  that  Mr.  Brown  had  made  his  boiler  as  nearly  a  Yertical 
boiler  as  possible.  He  did  not  see  why  it  should  not  be  a  Yertical 
boiler  altogether ;  that  would  get  rid  of  any  trouble  there  might  be 
at  the  connection  with  the  horizontal  part,  and  would  make  it  a  great 
deal  cheaper.  He  was  couYinced  that  for  tramway  purposes,  where 
height  was  not  so  important  a  matter,  and  the  boiler  might  stand  as 
high  as  the  tramcar  itself,  the  cheapest  thing  that  could  be  put  in 
was  a  Yertical  boiler.  The  question  of  steam  on  tramways  would 
not  be  solYed  until  somebody  produced  a  cheap  engine ;  and  none  of 
the  engines  as  yet  produced  had  at  all  approached  the  point 
required.  Probably  the  Brown  engine  cost  the  maker  £700  or  £800 ; 
while,  as  he  had  tried  to  show  at  the  Paris  meeting  (Proceedings 
1878,  page  431),  it  would  be  impossible  to  compete  with  horses  in 
England,  where  cars  had  to  be  run  at  short  interYals,  until  the  cost 
was  brought  down  to  about  £300. 

Mr.  Holmes  Hibd  said  the  author  stated  in  page  49  of  the  paper 
that  the  YalYe-gear  was  not  much  affected  by  the  Yertical  play  of  the 
axles.  He  happened  to  haYc  had  some  experience  of  YalYO-gears, 
and  it  appeared  to  him  that  the  Yertical  play  of  the  axles  in  this 
case  would  affect  the  working  of  the  YalYe-gear.  In  reference  to  the 
question  of  larger  wheels,  there  was  this  disadYantage  in  them,  that 
they  would  iuYolYC  the  necessity  of  larger  cylinders,  and  much 
stronger  and  heaYier  working  gear :  the  framing  and  wheels  would 
also  haYe  to  be  considerably  heaYier.  This  addition  to  the  weight 
was  a  Yery  important  matter  in  a  tramway  engine. 
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Mr.  J.  D.  Labssh  had  closely  observed  these  engines  from  the 
time  when  Uiej  began  to  run  in  Paris,  and  so  far  they  had  given 
tferj  satisfaction.  Where  they  had  fedled,  so  far  as  he  had  observed, 
the  £uilt  lay  in  the  road.  If  that  was  in  fair  condition  the  engines 
were  all  right;  but  they  went  at  rather  a  high  speed,  and  whenever 
they  came  to  an  inequality  in  the  rails  they  sustained  a  shock  that 
tended  to  knock  them  to  pieces;  He  was  in  Hamburg  last  June, 
and  the  engines  there  were  working  very  well ;  but  they  also,  as 
Mr.  Browne  would  admit,  met  with  some  difficulties,  because  they 
were  too  slight  for  a  bad  road»  For  new  tramways  such  engines 
would  no  doubt  answer  admirably.  He  wished  to  know  if  Mr. 
Browne  could  state  the  working  expenses  in  Paris.  He  had  taken 
great  interest  in  the  Brown  engine,  and,  so  far  as  he  knew,  it  had 
done  better  than  any  other  engine  for  tramways. 

Mr.  D.  Halpin,  referring  to  Mr.  Hird's  observations  about  the 
▼ilTe-gear,  thought,  if  the  motion  were  analysed,  it  would  become 
eyident  that  the  vertical  motion  of  the  axle  could  not  have  much 
effect  on  the  valve  motion.  The  point  where  the  attachment  to  the 
connecting-rod  was  made,  for  imparting  motion  to  the  valve-gear, 
WI8  stated  to  be  at  about  one-third  of  the  length  of  the  connecting- 
^ :  consequently  at  that  point  the  motion  would  only  be  one-third 
of  the  whole  of  the  vertical  motion  due  to  the  springs ;  and  taking 
into  consideration  the  further  reductions  due  to  the  link-work,  the 
▼finednsine  of  the  arc  produced  would  be  almost  nil. 

Mr.  T.  R  Cbamfton  thought  that  the  vertical  movement  of  the 

txlas  had  practically  no  effect.     With  regard  to  the  bearing  surface 

on  the  end  of  the  piston  rod,  that  might  be  increased  by  making  the 

loop  longer.    It  was  very  important  to  have  a  large  surface  there, 

to  prevent  undue  wear ;  but  there  was  no  doubt  in  his  mind  that  the 

▼alve-gear  shown,  if  properly  made,  would  answer  all  practical  purposes. 

It  had  also  the  advantage  of  giving  the  rocking  lever,  when  going 

qoickly,  a  proper  balance.    He  did  not  however  attach  any  importance 

to  such  points :  the  production  of  a  good  engine  was  not  a  serious 

difficulty.    Attention  should  chiefly  be  directed  to  the  road.    In  his 
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opinion  a  tramway  road  should  be  yery  mncli  stronger,  not  lif 
than  the  ordinary  railroad.  Heavy  cars  were  running  over  it 
times ;  there  were  serious  shocks  from  vehicles  passing  alonj 
common  road  over  the  rails  ;  and  he  thought  therefore  conside 
more  would  have  to  be  expended  on  tramways  than  had  been  us 
regarded  as  necessary. 

With  respect  to  the  engine  itself,  a  tramway  could  never  be 
in  the  same  order  as  an  ordinary  road ;  and  it  was  very  es8< 
therefore  to  have  proper  arrangements  of  springs,  so  that,  unde 
conditions  of  the  road,  there  might  always  be  the  same  weight  o 
wheels.  That  was  best  attained  by  the  three-^point  system  us< 
Mr.  Brown ;  and  it  could  be  carried  out  with  six  wheels  as  wc 
with  four. 

It  was  his  impression  that  there  was  also  a  future  for  the  Fi 
engine  described  at  the  last  meeting,  because  it  was  exceed 
simple  in  construction ;  and  whether  it  burned  a  little  more 
or  not  was  of  no  very  great  importance.  According  to  the  ; 
t)nly  3  or  4  lbs.  of  fuel  were  used  per  mile  in  the  Brown  ei 
yet  the  total  expenses  were  5^.  per  mile,  so  that  the  fuel  was 
about  10  per  cent,  of  the  whole  cost.  If  2  or  8  per  cent,  of 
was  saved,  and  20  per  cent  more  was  expended  on  repairs,  thi 
extra  wear  and  tear,  was  the  saving  worth  having  at  the  price  ? 

He  agreed  with  Mr.  Hughes  in  regard  to  the  size  of  the  wl 
In  a  tramway  it  was  desirable  to  reduce  the  wear  and  tear,  ai 
keep  out  of  the  dust  as  much  as  possible ;  and  he  preferred  to 
direct  by  increasing  the  size  of  wheel,  rather  than  have  complies 
or  additional  parts.     As  the  members  no  doubt  knew,  he  had 
some  attention  years  ago  to  the  use  of  a  separate  crank-axle, 
in  certain  conditions  it  was  an  admirable  thing ;   but  if  the 
could  be  well  balanced,  and  radiating  axles  employed,  the  arrange 
he  thought  would  work  well  as  it  stood.  With  very  small  wheels 
parts  must  be  close  to  the  ground,  and  the  pistons  must  be  run  ft 
In  a  tram  engine,  going  only  8  or  10  miles  an  hour,  the  incr< 
piston-speed  was  not  perhaps  injurious;   but  the  increased  ex] 
due  to  wear  and  tear  was  very  great.    Large  wheels  involved  a 
extra  weight;  but  the  extra  cost  of  labour  in   their  constnii 
compared  with  the  total  cost  of  the  engine,  would  be  trifling. 
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A  renuirk  liad  been  made  with  regard  to  short  tubes.  Mistakes 
were  oflten  made  as  to  what  was  short  and  what  was  long  in  a  tube. 
Tlie  question  simply  was,  how  large  was  the  area  as  compared  with 
the  lengtL  A  tube  3  ft.  or  4  ft.  long  might  be  a  very  long  tube  if 
it  were  only  ^  in.  diameter ;  at  least  there  would  not  be  much  heat  at 
the  smoke-box  end  with  those  proportions. 

There  was  one  other  point  to  be  mentioned,  that  of  the  coning  of 
the  wheels.  Of  course  in  passing  round  sharp  curves,  with  a  small 
wheel-base,  it  was  only  the  flange  of  the  fore  wheel  that  was  in  contact 
with  the  outer  raiL  The  flange  of  the  hind  wheel  was  in  contact  with 
the  inner  rail ;  therefore  in  that  wheel  the  large  end  of  the  cone  was 
grinding  round  upon  the  inner  rail.  If  that  matter  were  looked  at  a 
little,  it  would  be  found  that  ii  would  be  much  better  if  the  wheels 
were  made  paralleL  There  would  be  less  friction,  the  curves  would 
be  more  easily  passed,  and  there  would  be  less  wear  and  tear.  Some 
twentj  years  ago  he  had  induced  Mr.  Haswell  of  Vienna  to  alter  his 
whole  system,  and  to  vse  parallel  rails  and  parallel  wheels.  Mr. 
Bagwell  afterwards  wrote  to  him  to  say  that  his  wear  and  tear  of 
tjret  was  30  per  cent,  less  than  with  the  <x)ned  wheels. 

Mr.  S.  Allkt  had  closely  watched  the  working  of  steam  on 

tramways  for  about  three  years,  on  the  Yale  of  Clyde  Tramways 

At  Glasgow ;  and  agreed  with  many  of  the  gentlemen  who  had  spoken, 

that  the  matter  of  greatest  importance  was  the  construction  of  the 

road.    The  roads  in  general  use  were  much  too  light.     He  thought 

Kr.  Brown  had  made  a  mistake  in  making  an  engine  that  would 

adapt  itself  to  a  bad  road.    It  was  the  roads  that  ought  to  be  put 

right,  and  the  making  of  such  engines  only  encouraged  companies  to 

make  bad  roads.     With  reference  to  the  condenser,  he  should  like  to 

ask  Mr.  Brown  what  was  the  weight  of  his  condenser,  working  with 

an  atmospheric  temperature  of  45^  or  50^  Fahr.,  4,e,  what  weight  of 

tubes  would  be  required  to  condense  the  steam  thoroughly. 

It  had  been  remarked  by  Mr.  Holt  that  it  was  not  desirable  to 
work  an  engine  with  one  man.  He  could  testify  that  for  three  years 
the  engines  on  ihe  Yale  of  Clyde  Tramways  had  been  worked  by  one 
man,  *« <i  he  did  not  know  that  a  single  accident  had  occurred, 
^Hhf^  thzoogh  priming  or  anything  else. 
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The  matter  that  Mr.  Hughes  had  mentioned  with  regard  to 
locomotives  in  Paris  was  curious  and  interesting.    Mr.  Hughes  1 
consulted  him  about  it^  and  at  first,  when  he  heard  that  the  gradic 
were  1  in  10,  he  said  that  one  end  of  the  fire-box  must  be  oul 
the  water  owing  to  the  inclination.     But  having  learned  that 
gradient  of  1  in  10  was  very  short,  and  that  the  explosions  did 
often  take  place  on  this  incline,  he  saw  that  that  cause  could  1 
little  effect.    Eight  boilers  exactly  the  same  as  those  in  Paris 
been  at  work  on  the  Yale  of  Clyde  tramways  for  three  ye 
apparently  under  the  same  conditions ;  and  in  no  case  had  they  gi 
any  trouble,  further  than  a  few  ordinary  leakages,  which  were  ea 
cured.     These  explosions  in  Paris  apx>eared  to  have  been  ak 
instantaneous,  as  if  by  minute  charges  of  dynamite  ;  and  it  there 
would  seem  to  be  more  a  chemical  than  a  mechanical  quest 
and  one  which  ought,  if  possible,  to  be  probed  to  the  bottom. 

Mr.  Daniel  Adamson  thought  the    matter    could    be    sin 
explained  by  the  action  of  the  Paris  water,  which  would  be  dr 
from  the  coralline  oolites.     All  water  highly  impregnated  with  1 
whether  carbonate  of  lime  or  sulphate  of  lime,  had  in  its  p 
character  an  enormous  affinity  for  grease ;  and  if  there  was 
grease  in  the  boiler  when  it  was  heated,  the  lime  deposit  would 
hold  of  it.    The  grease  could  then  only  be  detected  in   the 
Mr.  Hughes  had  described,^  by  putting  the  dust  into  an  iron  1 
heating  it  on  the  fire.     The  grease  thus  mixed  with  the  lime 
could  not  be  vaporised  off  the  surface  of  the  boiler  plates  uni 
temperature  was  attained  of  about  600^ :  and  this  temperature,  w 
was  that  of  a  low  red  heat  in  the  dark,  would  destroy  the  w 
tenacity  of  the  brass  tubes,  and,  as  had  just  been  said,  they  w 
break  off  and  explode  almost  as  if  by  dynamite.     But  besides 
the  greasy  dust  would  adhere  even  to  the  under  side  of  the  ti 
which  would  get  so  overheated  as  to  destroy  the  bearing  power 
only  of  brass,  which  was  most  treacherous  at  a  high  tempera 
but  of  wrought  iron  or  the  finest  mild  steel.     Boilers  workinj 
the  Wear  at  Sunderland   and   at   Hartlepool,  supplied   £rom 
magnesian  limestone,  and,  in  some  few  cases,  boilers  working 
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fell  water  at  Birmingham,  and  getting  sulphate  of  lime  from  the 
triuac  rocks,  had  experienced  the  same  evil.  This  subject  was 
well  understood  by  a  few  engineers  of  large  experience  in  stationary 
engioeB,  and  no  doabt  remained  upon  it  Similarly  when  surface 
eoodensation  was  adopted  for  marine  boilers,  the  grease  played  a 
moBt  active  part  in  destroying  the  tubes;  a  greasy  sedimentary 
depodt  settled  down,  sometimes  on  one  portion  and  sometimes  on 
ADOiher,  in  the  most  erratic  manner,  and  corroded  a  hole  through  in 
A  few  days. 

He  must  add  his  testimony  as  to  the  weakness  of  the  Brown 
boiler.  The  horizontal  casing  attached  to  a  vertical  boiler  necessarily 
Biide  A  weak  part  at  the  joining  of  the  two.  The  great  experience  on 
nilwiys  had  shown  that  there  were  only  two  forms  of  surface  that 
eonld  be  constructed  with  certainty.  One  was  that  of  a  cylinder, 
lod  the  other  that  of  a  perfectly  flat  surface,  where  the  bursting 
ictioii  was  neutralised  by  meaus  of  stays.  He  had  had  great 
opportunities  of  watching  this  T  construction  of  boiler  under  test, 
•od  also  in  actual  working  on  the  Stockton  and  Darlington  Bailway ; 
ind  nothing  could  keep  such  boilers  tight  in  the  angle  between  the 
two  parts  for  any  long  period  of  time.  The  simple  explanation  was, 
tbat  if  there  was  a  curved  surface,  which  yet  was  not  a  true  circle, 
it  would  always  tend  to  get  into  a  circle  under  pressure,  and  leakage 
vould  follow,  unless  the  structure  was  heavily  stayed. 

He  could  not  agree  that  the  working  beam  was  any  advantage  to 

the  engine.    He  did  not  see  how  it  was  possible  to  transmit  the  force 

from  the  piston  through  that  lever  without  excessive  weight,  owing 

to  the  necessity  for  strength.    If  it  was  practically  possible  to  have 

A  rather  larger  and  heavier  wheel,  and  make  the  crank  sufficiently 

large  to  get  proper  piston-speed,  it  must  Ipe  evident  that  the  engine 

would  then  be  worked  with  the  fewest  possible  parts,  and  the  least 

chances  of  wear  and  tear.      He  did  not  quite  acquiesce  in  the 

statement  in  the  paper  that  the  yertical  action  of  the  springs  would 

not  affioct  the  yalye-gear*    Those  who  were  familiar  with  Hackworth's 

aingl^-eooentric  reyersing  motion,  knew  that  it  could  not  be  applied 

to  a  locomotiye  from  the  dancing  of  the  springs ;  and  the  principles 

of  thfi  two  were  identical. 
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Mr.  R.  Peacock,  referring  to  the  question  of  grease  getting  : 
boilers,  observed  that  the  Metropolitan  Eailway  engines,  which 
been  working  for  fifteen  or  sixteen  years,  were  still  working  witho 
change  of  either  fire-box  or  boiler ;  and  it  was  well  known  that  tl 
engines  practically  condensed  all  their  steam,  and  that  their  boi 
were  fed  from  the  condensed  water.     As  a  matter  of  course 
water  was  greatly  impregnated  with   the  oil  and  grease  that 
pnt  into  the  cylinders  in  the  first  instance,  passed  from  thence 
the  condensed  water,  was  taken  up  again  by  the  pumps,  forced 
the  boiler,  and  used  over  and  over  again.     But  with  all  that,  it 
the  fact,  he  believed,  that  there  were  no  other  boilers  so  free  i 
scale  and  dirt  as  those  of  the  Metropolitan  Eailway.     He  was 
that  the  fire-box  tops  and  sides,  l^ough  some  had  been  at  work  sis 
years,  were  as  clean  now  as  when  they  were  put  in. 

Mr.  Joseph  Tomlinson,  Juk.,  said  Mr.  Peacock  was  und^  a  ] 
misapprehension  on  the  point  he  had  raised,  for  this  reason, 
on  the  Metropolitan  Bailway  only  i^  lb.  of  tallow  was  used 
each  pair  of  cylinders  in  a  run  of  100  miles,  or  4^  trips; 
during  that  time  the  water  was  changed  nine  times,  so  that  ^  1 
tallow  was  put  into  8000  gallons  of  water.  Moreover,  as  the  steam 
exhausted  into  the  top  of  the  tank,  the  grease  being  lighter  rema 
on  the  top  of  the  water,  while  the  boiler  was  fed  from  the  botto 
the  tank ;  so  that  little  or  no  grease  ever  got  into  the  boilers.  14 
quite  true  that  they  had  not  put  a  new  fire-box  into  any  of  ■. 
engines,  though  some  of  them  had  run  over  600,000  miles; 
they  were  almost  as  clean  now  as  when  new.  He  did  not  t 
however  that  this  arose  from  the  cause  suggested,  but  from 
construction  of  the  fire-boxes,  and  the  manner  in  which  they 
stayed.  The  steam  was  more  easily  liberated  longitudinally 
vertically.  The  roof  bars  were  set  very  close  together,  wi 
1^  in.,  stay  between  them ;  and  the  steam  ran  along  the  top  of  the 
box,  under  these  stays  and  between  the  roof  bars,  and  so  kept  thi 
of  the  fire-box  clean. 
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Mr.  Chablss  Gochbake  said  that,  with  regard  to  the  question  of 
leid  irising  from  the  oil  getting  into  the  condeDsed  water,  he  should 
like  to  giro  the  result  of  twenty  years'  experience  with  boilers  in  the 
North,  which  were  found  to  be  pitted  inside  by  the  action  of  acid  just 
ikng  the  surface  line  of  the  water.  This  action  was  removed 
cotirelj  by  the  addition  of  a  little  caustic  soda  to  the  condensed 
witer;  and  that  water  was  constantly  used  as  being  the  purest  that 
eodd  be  had  for  their  boilers,  in  the  sense  that  it  contained  no  solid 
utter,  but  simply  a  little  acid,  which  would  be  deleterious  to  the 
witer  unless  it  was  corrected  by  the  soda.  When  he  heard  of  boilers 
sofimng  by  reason  of  the  action  of  the  oil  used  in  the  engine,  he  felt 
it  ooght  to  be  known  that  there  was  such  a  simple  mode  of  correcting 
tiiig  deleterious  influence. 

The  Prkbidsnt  wished  to  mention  one  fact  in  reference  to  the 

hoilbg  of  grease  in  water.     He  knew  a  case  of  a  boiler  with  a 

nrfaoe-evaporator  condenser,  where  the  water  was  used  over  and 

o?er  igain  for  a  fortnight  with  very  little  loss.     The  boiler  then 

begm  to  leak   at    the   scams,  in  consequence  of  the   acid  grease 

whidi  formed  on  the  plates.     This  was  entirely  cured  by  pumping 

i^hiid  water;  the  lime  in  that  water  entirely  neutralised  the  grease, 

toning  it  into  a  non-acid  grease,  and  only  produced  occasional  lumps 

of  iofloluble  soap,  which  were  perfectly  innocuous.      On  the  same 

pnodple  Price's  Candle  Company  converted  ordinary  neutral  grease 

into  tcid  grease,  by  extracting  the  glycerine  from  it  by  means  of 

ttntiBiied  boiling  at  very  high  pressure,  according  to  Tilghman*s 

proeen.     He  had  no  doubt  that  the  special  trouble  which  had  been 

experienced  with  the  boilers  under  discussion  was  partly  due  to  a 

iigher  pressure  than  usual  being  employed,  as  the  neutral  grease 

was   much    more   quickly   and    thoroughly    decomposed    at    such 

pimsore,  than  at  ordinary  pressures.    With  regard  to  tho  case  of 

Mr.  Hughes  in  Paris,  he  believed  Mr.  Browne  would  give  some 

eoofirmatory   evidence   in  reference    to   it.      In  certain  cases  the 

water  used  in  Paris,  and  elsewhere  on  the  continent,  was  of  such 

a  nature,  that  the  scale  it  formed  upon  the  tubes  took  up  the  grease 

voy  greedily,  and  then  it  would  become  a  sort  of  greasy  stone. 
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Then  the  water  would  not  touch  the  tubes,  and  the  high  temperature 
of  600^  which  Mr.  Adamson  had  spoken  of  was  necessary  to 
decompose  or  drive  off  the  greasy  deposit.  As  soon  as  this  had 
happened,  the  tubes,  being  at  almost  the  highest  evaporating 
temperature,  flashed  a  great  quantity  of  water  into  steam,  which  no 
doubt  tended  to  strain  the  tubes  and  the  boiler.  It  therefore  seemed 
a  mass  of  evidence  was  being  obtained,  which  all  tended  to  a  dear 
explanation  of  the  action  going  on  in  the  boiler.  In  reference 
to  what  Mr.  Peacock  had  said  about  tallow,  he  thought  if  much  tallow 
got  into  a  boiler,  there  would  then  be  a  quantity  of  grease  which 
would  boil  to  an  acid  grease;  but  if  only  ^  lb.  of  tallow  was 
used  to  100  miles,  and  the  water  was  changed  nine  times,  it  could 
scarcely  affect  the  boiler. 

Mr.  B.  0.  Bbownb  said  in  reply  that  the  first  point  to  which  Mr. 
Hughes  had  called  attention  was  the  working  at  such  high  pressures. 
Of  course  he  quite  admitted  that  to  have  an  explosion,  or  even  a 
bursting  of  a  tube  in  the  street,  with  a  pressure  of  220  lbs.,  would  be 
a  Yery  unfortunate  thing ;  but  at  the  same  time  in  an  ordinary 
locomotive,  working  at  150  lbs.,  if  a  tube  were  to  burst  or  anything 
of  the  sort  happened,  it  would  be  a  very  serious  affair ;  and  the 
additional  pressure  from  that  to  200  or  220  lbs.  he  did  not  think 
would  make  the  matter  very  much  worse.  It  must  also  be  considered 
that  a  very  much  smaller  boiler  could  be  used  with  the  higher 
pressure.  The  greatest  possible  amount  of  care  and  supervision 
could  be  exercised  over  the  manufacture,  and  it  could  be  made  of  the 
very  best  material.  So  far  the  boilers  of  Brown's  engines  had  been 
made  of  steel  carefully  selected.  The  tubes  were  also  of  steel,  or  of 
homogeneous  iron ;  and  no  more  difficulty  had  been  found  in  keeping 
them  tight,  either  from  the  shape  or  the  amount  of  pressure,  than  in 
other  locomotive  boilers.  With  regard  to  the  question  of  joining  the 
horizontal  cylinder  to  the  vertical,  the  way  in  which  it  was  done  was 
this.  The  hole  was  first  cut  in  the  larger  or  vertical  cylinder,  and 
the  plate  was  flanged  outwards  on  an  easy  curve:  the  horizontal 
cylinder  was  also  flanged  outwards,  and  the  two  were  then  laid  on 
each  other.    Care  was  taken  to  see  that  they  actually  took  a  good 
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betring  of  metal  to  metal  all  oyer,  and  then  lie  believed  tbey  made  an 
excellent  joint.  In  the  drawing  all  the  stays  were  not  shown.  The 
rale  for  the  staying  of  a  boiler  of  that  sort  was  much  the  same  as  the 
rales  that  would  be  used  for  the  staying  of  any  other  boiler  to  be 
worked  at  high  pressure. 

With  regard  to  the  question  of  dust  and  dirt  injuring  the  engine, 
Mr.  Hughes  had  quoted  the  case  of  an  express  engine ;  but  an  express 
eDgine  was  raised  a  great  deal  higher  than  a  tramway  engine.  It  was 
trae  it  went  &ster,  but  it  ran  on  raised  rails,  which  were  always 
practically  clean  and  dry.  On  the  other  hand,  the  tramway-road  was 
ahnost  like  a  ditch,  into  which  eyerything  flowed,  not  only  water  but 
mod;  and  with  the  small  wheels  there  was  far  more  opportunity 
for  the  dirt  to  get  into  the  mechanism.  He  wished  they  had  had 
some  farther  expression  of  opinion  on  that  point ;  but  certainly, 
wbererer  he  had  seen  a  design  for  a  tramway  engine,  great  provision 
us  made  for  keeping  the  dust  and  dirt  off  the  machinery. 

With  regard  to  the  condenser,  Kr.   Hughes    thought    it  was 
iuoffioient  for  the   work  it    had  to  do.      In  fact  howeyer  they 
SQooeeded  in  showing  yery  little  steam,  usually  none  at  all.    He 
beliefed  that  the  condenser  would  practically  condense  aU  the  steam 
when  the  engine  was  running ;  which  was  quite  a  different  thing  from 
the  amount  it  would  condense  if  the  engine  was  at  rest,  because  of  the 
cold  air  constantly  passing  oyer  it  when  running.     The  weight  of 
the  condenser  was  about  400  lbs. ;  it  was  all  made  of  exceedingly 
%ht  copper  tubes,  and  it  had  230  sq.  ft.  of  surface.     Theoretically 
he  belieyed  there  was  sufficient  surface  to  condense  two-thirds  of  all 
the  steam  that  was  used  under  ordinary  circumstances.    But  of  course 
when  there  were  no  horses  in  sight,  or  other  objection,  the  drivers 
would  perhaps  throw  off  a  little  steam.   On  the  whole  Mr.  Brown  had 
certainly  succeeded  in  preveniing  all  complaints  as  to  steam  showing ; 
and,  after  all,  he  belieyed  that  all  engineers,  in  their  heart  of  hearts, 
looked  on  the  condenser  as  a  mistake,  and  as  entirely  useless.     They 
used  it   because  people  had  the  fe^ng  that  steam  would  frighten 
hones  and  perhaps  be  objectionable  by  going  into  the  windows  of 
homes;   but  they  all  looked  forward  to  the  time  when  tramway 
Awgii^^  would  be  more  used,  and  when  they  would  be  able  to  work 


78  bkown's  tramway  Locoyi' tive.  Jan.  i- 

without  condensers  in  England,  as  was  done  in  other  countries. 
the  meantime,  whatever  satisfied  the  Board  of  Trade  and  the  pul 
ought  to  he  sufficiently  good  to  satisfy  engineers. 

The  shape  of  the  boiler  had  been  objected  to  by  Mr.  Adams 
He  himself  thought  that  after  all  the  practical  reply  was  that 
boilers  did  not  give  any  trouble.     At  Hamburg,  after  trying 
engines  for  a  year  and  a  half,  the  police  had  just  brought 
regulations  sanctioning  the  use  of  Brown's  engine,  and  of  no  other 
least  without  special  experiments.     The  engines  there  and  elsewh 
were  quite  out  of  Mr.  Brown's  hands,  and  belonged  to  the  differ 
Tramway   Companies,    just  as    locomotiyes  were  the  property 
Eailway  Companies. 

With  regard  to  fuel  consumption,  he  quite  expected  that  so 
observation  would  be  made  upon  the  Table  at  page  51  with  refere 
to  Strasburg.  It  certainly  looked  at  first  sight  rather  startling 
see  the  consumption  rise  from  20  lbs.  in  August  to  30*50  lbs. 
November,  while  at  the  same  time  the  number  of  miles  was  less, 
thought  that  was  chiefly  owing  to  two  causes.  In  the  first  pi 
tramway  engines  would  always  use  merer  fuel,  and  obviously  xn 
oil,  in  cold  weather,  when  the  oil  was  always  clogging,  than  tl 
would  in  hot  weather,  when  the  oil  was  liquid.  Secondly,  ii 
engines  making  less  mileage,  there  was  more  standing  time  and  m 
cooling  down  than  before,  and  the  consumption  per  mile  would 
higher.  It  would  be  remembered  also  that  1878-9  was  an  unusui 
severe  season.  The  winter  came  on  early,  and  the  engines  then  1 
to  fight  their  way  through  the  snow  that  was  constantly  falling  ;  ti 
he  believed,  entirely  accounted  for  the  extra  consumption.  At  page 
the  average  consumption  of  coke  was  given  as  5f  lbs.  per  mile, 
page  55  it  was  stated  that  on  level  roads  (Strasburg  of  oon 
was  not  a  case  of  level  roads),  and  with  a  certain  wei 
and  speed,  they  could  work  with  a  consumption  of  8  *  6  lbs.  per  m 
A  letter  received  by  his  firm  on  5th  November,  from  the  mana 
of  the  Strasburg  Tramways,  stated,  ^*  We  use  now  on  an  aver 
8  lbs.  of  coal  per  kilometre ;  "  which  was  4  *  8  lbs.  per  mile,  or  rong 
speaking  about  half-way  between  what  was  used  in  1878,  i 
what  was  spoken  of  as  the  consumption  under  practically 
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dicomstancee :  and,  taking  into  account  the  difference  between  the 
SinslNiig  road  and  a  dead  level,  that  proportion  was  about  what  it 
shonld  be.  At  Hamburg  the  consumption  was  much  higher,  but 
thit  WIS  g«8  coke. 

Mr.  Schonheyder  had  found  fault  with  the  square  link  at  the  end 
of  the  piston  rod.  He  admitted  that  it  was  not  a  perfect  construction, 
tod  where  the  conditions  were  suitable  they  introduced  a  small 
0(Hui6ctiiig-rod.  But  it  had  one  great  advantage,  namely  that  if  it 
wore  loose  it  could  be  so  easily  lined  up,  and  adjusted  to  the  greatest 
nioetj. 

With  regard  to  the  fact  of  one  man  working  this  engine,  while 
tbere  were  necessarily  two  men  on  a  railway  engine,  members  should 
beir  in  mind  the  great  ease  with  which  a  man  could  stop  a  tramway 
engine.  Not  only  this  engine,  but  almost  all  tramway  engines  could 
be  stopped  in  something  like  their  own  length  under  ordinary 
circmnBtanees.  If  a  man  suspected  anything  therefore,  he  could 
•top  the  engine  at  once.  The  engine  was  stopped,  as  it  was,  at  all 
Mti  of  jdaces  and  under  all  sorts  of  circumstances ;  it  was  a  very 
ottU  affidr  to  halt  at  once  if  the  driver  suspected  that  anything 
^ns  wrotig.  At  the  same  time  he  did  not  remember  ever  hearing  of 
a  mn  Laving  to  stop  his  engine  on  account  of  want  of  steam,  or  for 
aojthing  of  that  sort. 

With  regard  to  what  happened  with  the  Brown  engines  in  Paris, 
^  WIS  sorry  to  say  that  he  could  only  give  exceedingly  imperfect 
uifmnation.  The  engines  in  Paris  were  not  made  at  Mr.  Brown's 
^'Qib,  though  they  were  made  on  his  principle.  They  were  in  the 
biodi  of  other  people,  and  therefore  he  could  not  speak  with  such 
•eemcy  on  the  point  as  he  could  wish.*  But  he  could  show  that 
elsewhere  the  engines  had  been  so  successfully  worked  that  people 
bought  them  in  large  numbers  and  came  back  again  and  again,  and 
eidered  more,  which  after  all*  proved  that  they  were  a  commercial 
■^Koess.    Even  if  all  the  stories  related  with  regard  to  the  engines 

*  Mr.  Browne  has  since  informed  the  Secretary  that  these  engines  have 
^^*^  OQ  the  *Etoile'  line,  reg^olarly  and  without  cessation,  for  nearly  two 
7^*n>  Their  numher  has  been  increased  to  17,  and  they  are  now  the  property  of 
^Tnmiray  Company. 
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in  Paris  were  true,  he  did  not  think  they  would  affect  the  qnec 
because  of  coarse  the  best  engine  might  be  spoiled,  if  it  wen 
used  properly,  or  if  it  were  put  npon  a  sufficiently  bad  road. 

With  regard   to   Mr.  Crompton's  remarks,  he  knew  thai 

gentleman  was  not  fond  of  using  a  condenser  at  all,  and  he  hii 

quite  agreed  with  him.     Mr.  Crompton  said  that  a  tramway  ei 

ought  to  be  produced  for  something  like  £300,  and  that  this  ex 

had  probably  cost  £700  or  £800.    As  a  matter  of  fact  however 

cost  nothing  like  such  a  sum.     But  what  he  supposed  Mr.  Crom 

really  meant  was  that  tramway  engines  would  not  succeed  until 

could  be  made  for  something  like  half  their  present  cost ;  in  c 

words,  that  half  the  amount  of  work  and  complications  in  exii 

engines  must  be  swept  away.    Looking  at  the  engine  described,  < 

Mr.  Hughes's  engine,  or  any  other,  he  thought  they  might  pi 

nearly  see  their  way  to  that.    First  of  all,  they  were  now  sacrifici 

great  deal  to  make  the  engines  as  light  as  possible.     In  many  o 

if  they  did  not  regard  weight,  they  could  use  more  cast  iron  &c., 

so  make  the  engine  a  great  deal  cheaper.     The  condenser,  the  do 

in  of  the  sides,  and  several  other  parts,  were  really  put  to  sal 

people  outside,  more  than  for  any  real  work  the  engine  had  to 

At  present  they  never  knew  what  road  they  would  have  to  go  u 

or  what  load  they  would  have  to  draw ;  but  if  they  simply  ha* 

deal  with  one  or  two  tramK»u*s,  loaded  full  of  people,  on  a  fairly^ 

road,  and  if  they  had  got  rid  of  all  those  outside  consideration 

was  the  case  on  railways,  there  was  no  doubt  that  tram  eng 

could  be  made  enormously  cheaper  than  they  were  now. 

Some  observations  had  been  made  on  the  tramway  itself, 
believed  very  few,  even  of  those  tramways  that  had  never  had 
engine  on  them,  were  fit  for  anything.  He  had  had  to  look  at 
tramway  question,  not  only  as  an  engineer,  but  also  as  a  i 
councillor ;  and  it  appeared  to  him  that,  whatever  system  had  I 
adopted,  almost  all  roads  were  made  far  too  light,  not  so  much 
the  tramway  work,  as  for  the  other  work  that  came  upon  them, 
almost  all  manufacturing  towns,  weights  went  through  the  0tr 
amounting  to  as  much  as  10  tons  on  one  wheel;  he  him 
frequently  sent  out  loads  of  machinery  on  wagons  in  excess  evex 
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thai  Bat  those  heayilj  loaded  Tehioles,  once  Grossing  over  a 
tnmwaj,  might  so  injnre  it  as  to  make  it  very  awkward  for  either 
can  or  engines  passing  over  it  afterwards. 

With  regard  to  the  coning  of  the  wheels,  Mr.  Brown  had  started 
hj  bving  an  exceedingly  small  amonnt  of  coning,  and  now  he  had 
aU  Mb  wheels  absolutely  paralleL 

With  regard  to  the  question  of  oil  getting  into  the  boiler,  he 
beliered  it  was  a  matter  of  circumstances.  It  might  be  found  that 
in  certun  places  it  was  possible  to  mix  up  the  condensed  steam  and 
the  feed  water  without  injury ;  but  certainly  it  was  safer,  where  it 
WIS  practicable,  to  keep  them  separate  from  each  other.  In  Paris 
and  elaewhere  a  calcareous  soap  was  certainly  formed  from  the  water 
*&d  grease  combined,  exactly  as  had  been  stated  by  the  President. 


The  Pbisidskt  proposed  a  vote  of  tlumks  to  Mr.  Browne  for  his 
P^per,  which  was  unanimously  passed. 


The  Meeting  was  then  adjourned  till  the  following  day. 


The  Adjourned  Meeting  of  the  Institution  was^  held  at  the 
^''^^tion  of  Civil  Engineers,  London,  on  Friday,  23rd  January, 
1880,  at  Three  o'clock,  p.m. ;  Edwabd  A.  Cowpkb,  Esq.,  President, 
in  the  chair. 


The  following  paper  was  read  : — 


L 
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ON  IMPE0VEMENT8  IN  MACHINERY  FOR  ROLLING 

IRON  AND  STEEL  PLATES. 


Bt  Mk  EDWARD  HUTCHINSON,  of  Darlenotoit. 


Before  proceeding  to  describe  the  nature  of  the  proposed 
improyements,  it  will  be  weU  to  notice  briefly  the  method  generally 
adopted  at  present  in  Rolling  I^ates^  as  compared  with  that  in  nse 
for  producing  flat  bars,  angles,  or  other  sections. 

These  latter  forms  of  manufactured  iron  are  produced  by  means 
of  rolls  with  seyeral  grooyes,  of  gradually  decreasing  sectional  area, 
out  on  their  surfaces,  so  that  generally  two,  and  sometimes  three 
pairs  of  rolls  are  required  to  contain  the  number  of  grooves  or 
spaces  necessary.  Thus  the  production  of  large  sections  of  angle,  tee, 
channel  iron  «!bc.,  is  very  expensiTe  on  account  of  the  first  cost  of 
the  rolls,  in  cases  where  the  section  is  an  unusual  one,  and  the 
quantity  of  lengths  required  is  not  large.  On  the  other  hand,  as  the 
bar  is  rolled  to  its  exact  section,  and  in  forming  the  pile  no  allowance 
noed  be  made  fi>r  waste  in  shearing  (except  so  much  as  is  necessary 
to  ensuro  a  clean  end  to  the  bar)«  the  cost  per  ton  rapidly  diminishefl 
with  the  increase  in  quantity  produced. 

Thus«  of  all  forms  of  rolled  iron,  double-headed  rails  are  Hht 
cheapetSil ;  then  follow  the  commoner  sections  of  bars,  angle-iron  &c 
ttw^l  in  shipbuilding  and  el^where ;  whilsl  the  most  expensiTe  formi 
of  all  ai^  the  hearier  s^tions  of  channel  and  joist  iion,  the  cost  o1 
which  is  aogmontieU  not  only  by  the  ordioarT  dificoltieB  attending 
thm  inanafMMiu^^  bttt  al$«\  and  perhaps  to  a  still  gieater  d^iee 
by  the  cBMdlnec»  of  the  quantity  T^mn?d  at  one  time. 

With  platM  asKxher  stale  of  ihin^  exists^  and  totally  different 
wiBilitk>Bi$  ha^«  to  W  taken  into  aixvuni^  in  fWtimalzng  the  coat  o 
any  ^>r«tt  ss^'^ifioikiioiL  Hei^  the  c\\$<  of  ^  xv^  is  not  to  \n 
cv>Midef^  ttor  k  ihe  q«aatuiy  xv^qniKd  at  coe  time  of  mncl 
in^Mtaac^      The  clief   poimi    a&diii^   Uie    ccct  of  piodvctioi 
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(roppodng  the  specification  to  reqnire  only  plates  of  ordinary  length, 
bretdih,  and  thickness)  is  the  variahle  proportion  of  waste  in  rolling 
plates  of  different  widths  and  lengths,  due  to  the  fact  that  plates  are 
not  rolled,  like  hars,  to  their  exact  dimensions,  hnt  between  plain 
roUfl,  and  therefore  a  certain  width  must  be  sheared  off  each  side,  as 
well  as  off  the  ends. 

In  the  trade  a  bar  is  supposed  not  to  exceed  8  or  9  in.  in  width. 
All  widths  aboTe  this  are  taken  as  plates,  unless  specially  ordered  as 
Wg;  bat  most  large  bar-mills  now  roll  bars  up  to  about  12  in.  wide  if 
^viied.  Bars  aboye  this  latter  width  become  very  expensive,  chiefly 
on  acooimt  of  the  number  of  rolls  which  would  be  required  for 
mtetmediate  widths,  as  well  as  the  great  number  of  sections  of 
puddled  bar  which  it  would  be  necessary  to  provide.  All  above 
12  in.  wide,  and  many  under,  are  therefore  rolled  as  plates,  and 
slieared  on  the  sides  as  well  as  the  ends.  The  process  may  be 
dttcribed  as  follows.  A  pile  is  made  of  puddled  bar  and  of  scrap, 
^  lAtter  composed  of  the  shearings  off  finished  plates.  The  puddled 
^ue  generally  from  12  to  18  in.  wide,  the  width  being  regulated 
^  Km  extent  by  that  of  the  finished  plate  intended  to  be  produced. 
After  being  heated,  the  rough  pile  is  first  put  through  blooming  rolls, 
to  doee  the  edges,  and  to  compress  and  solidify  the  mass.  It  is  then 
^^^7  tamed  sideways  to  the  rolls,  and  put  through  the  roughing 
nufl  ag  many  times  as  are  necessary  to  bring  it  up  to  the  required 
width,  aUowing  a  margin  for  shearing,  and  for  inaccuracies  as  to 
s^htness  &c.;  it  is  then  turned  again  and  gradually  elongated, 
^^J  in  the  roughing  and  partly  in  the  finishing  rolls,  until  brought 
down  to  the  required  gauge,  regardless  of  its  length. 

^  order  to  ensure  a  perfect  plate,  it  is  necessary  to  allow  for 
'''^inng  at  least  3  in.  on  each  side,  in  a  strip  of  £Bdr  length  ;  so  that 
*^  a  12-in.  plate  more  than  30  per  cent,  of  the  rough  strip  is  cut  to 
^^  on  the  edges  alone.  In  other  words,  whereas  a  pile  of  6  cwt. 
^^  be  heavy  enough  to  make  a  bar  of  a  given  weight,  12  in. 
^  *  9-cwt.  pile  would  be  required  to  produce  a  sheared  plaie 
^  the  smie  dimensions.  With  plates  at  £8  per  ton,  and  scrap  iron 
*t  i3  per  ton,  this  extra  waste  would  amount  to  a  clear  expenditure 
^  ^,  per  ton  of  finished  iron,  in  waste  of  materials  alone. 
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This  difference  of  course  decreases  as  tbe  width  of  tbe  ba 
plate  increases;  because  the  proportion  whicb  the  allowance 
waste  bears  to  the  whole  mass  becomes  less  and  less  the  widei 
plate.  In  all  cases  however  a  very  liberal  allowance  mnst  be  i 
to  ensure  a  sound  edge ;  notwithstanding  which  there  is  ii 
plate  mills  a  very  great  loss  due  to  the  proportion  of  plates  w] 
owing  to  defective  edges,  will  not  cut  to  the  full  size  required. 

In  steel,  the  difference  in  value  between  the  finished  plate 
the  scrap  is  of  course  greater  than  in  iron ;  and  the  resulting  lo 
more  serious  in  the  like  proportion. 

In  order  to  overcome  these  objections  to  the  prevailing  methc 
rolling  plates,  at  least  as  regards  narrow  plates,  the  mill  kno^ 
the  '* Universal  Mill"  was  devised.  It  has  also  been  called 
Belgian  mill,  from  its  frequent  adoption  in  Belgium.  In  this  cou 
it  has  not  been  generally  successful,  owing  chiefly,  it  is  believe 
the  objection  English  workmen  have  to  novel  appliances,  or  ra 
perhaps  to  the  difficulties  which  manufacturers  in  this  oou 
experience  in  adopting  labournsaving  machinery.  The  writer  how 
has  had  an  opportunity  of  judging  of  its  merits  during  several  moi 
fair  work  at  the  Britannia  Works  at  Middlesbrough. 

The  construction  of  the  Belgian  mill  is  not  in  a  strict  sense 
complicated  nature.     When  however  we  consider  the  great  stre: 
required  for  every  part  of  this  class  of  machinery,  the  rough  ni 
and  the   enormous  cost  of  break-downs  and  delay,   we  shall 
that  there  are  certainly  a  greater  number  of  parts  requiring  cai 
adjustment  about  the  Belgian   mill    than  is  consistent  with 
highest  economy  in  production;   in  other  words,  if  bars  ooulc 
rolled  of  the  same  widths  in  ordinary  rolls  as  in  the  Belgian  ] 
the  latter  could  not  compete  with  the  former  in  point  of  economy, 

As  shown  in  Plate  4,  the  Belgian  mill  is  simply  an  ordi 
mill  with  a  pair  of  vortical  rolls  A  A  behind  the  horizontal  ones  '. 
The  former  catch  the  plate  as  it  leaves  the  horizontal  rolls, 
compress  the  edges  sufficiently  to  close  and  solidify  them, 
surfaces  of  the  vertical  rolls  move  a  little  faster  than  those  of 
horizontal  rolls. 
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Inpractioe  it  is  not  found  desirable  to  compress  the  edges  mncli  more 
tium  18  just  about  sufficient  to  preserve  the  width,  without  decreasing 
it;  tod  the  piles  are  generally  made  about  the  same  width  as  the 
inisbed  plate  is  intended  to  be.  This  implies  the  necessity  for  great 
difexnty  of  width  in  the  puddled  bars,  a  difficulty  which  is  usually 
got  OTer  in  Belgium  by  using  seyeral  narrow  bars  of  yariable  width, 
to  form  the  tops  and  bottoms  of  the  piles.  Thus  from  a  stock 
composed  of  5,  6,  7,  and  8  in.  puddled  bars,  piles  of  all  widths  above 
10  in.  could  be  built  up,  rising  by  inches.  It  is  however  impossible 
to  idmit  that  a  plate  so  made,  i,e.  with  a  welded  instead  of  a  solid 
rar&oe,  can  be  so  sound,  or  so  uniform  in  tensile  strength  across 
tlie  grain,  as  one  produced  in  the  ordinary  way. 

Most  Belgian  mills,  probably  with  a  view  to  avoid  expensive 
complications,  consist  of  only  one  pair  of  horizontal  rolls  working 
in  oumbination  with  vertical  rolls ;  and  these  are  usually  in  connection 
with  an  ordinary  plate  mill.  This  prohibits  a  large  production,  as 
the  rollB  become  too  hot  if  the  work  is  continuous. 

The  manipulation  of  the  Belgian  mill  is  by  no  means  a  simple 
nitter,  nor  can  it  be  placed  in  the  hands  of  inexperienced  or  unskilful 
workmen*  The  slightest  maladjustment  of  the  screws,  either  of  the 
verticil  or  of  the  horizontal  rolls,  will  cause  the  plate  to  twist; 
whilst,  if  the  vertical  rolls  are  allowed  to  exercise  any  undue 
pnmre  on  the  edge,  it  becomes  thickened  to  such  a  degree,  that 
tk  plate  is  sure  to  curve  more  or  less  the  next  time  it  is  passed 
tboQgh  the  rolk;  and  any  attempt  to  straighten  it  afterwards  is 
gttiemlly  useless. 

Under  any  circumstances  the  action  of  the  vertical  rolls  is  to  a 

oertun  degree  objectionable.     The  pressure,  however  slight,  has  a 

tendency  to  open  the  edge ;  and  the  thickening,  which  it  is  always 

difBcolt  to  avoid  entirely,  is  for  many  purposes  a  serious  drawback  ; 

i«  instance,  where  a  number  of  plates  of  uniform  width  are  placed 

in  juxtaposition,  as  in  the  flange  of  a  large  girder. 

The  difficulty  of  keeping  the  plates  strltight,and  the  impracticability 
of  afterwards  straightening  them,  as  already  mentioned,  will  always  be 
tn  objection  of  greater  or  less  importance  to  the  general  adoption 
of  the  Belgian  milL    To  these  may  be  added  its  great  expense,  as 
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well  in  first  cost  as  in  maintenance.  Perhaps  however  the  mo^ 
important  point  in  its  disfaTonr,  especially  for  rolling  steel,  is  ik^* 
limit  to  the  width  of  pkte  that  can  be  produced  by  it.  If  tb^ 
horizontal  rolls  are  6  ft.  6  in.  long,  and  the  verticals  2  fL  iss 
diameter,  2  ft.  6  in.  would  be  the  limiting  width  of  plate  for  sucfc 
a  mUl;  since  the  vertical  rolls  when  opened  to  such  an  extend 
come  in  contact  with  the  standards.  This  was  the  limit  at  the 
Britannia  Works;  and  plates  were  rolled  there  82  fl.  long,  by 
2  ft.  6  in.  wide,  by  f  in.  thick,  with  perfectly  sound  and  straight 
edges.  No  greater  difficulty  seems  to  attend  the  manufacture  of 
wide  than  that  of  narrow  plates,  except  a  tendency  to  buckle  when 
the  plate  is  very  wide  and  thin. 

In  the  plan,  Fig.  2,  Plate  4,  are  shown  housings  or  standards 
made  of  a  form  which  permits  the  vertical  rolls  to  separate  so  far, 
that  a  plate  with  close  straight  edges  could  be  rolled  almost  as  wide 
as  the  length  of  the  horizontal  rolls.  But  it  is  clear  that  such  an 
arrangement  would  still  further  compromise  that  simplicity  which  it 
is  so  desirable  to  maintain  in  machinery  of  this  kind;  besides 
which,  the  guides  carrying  the  vertical  rolls,  owing  to  their  increased 
length,  would  have  to  be  of  extremely  massive  proportions;  as 
indeed  would  every  part  of  such  a  mill. 

4.  The  tendency  already  mentioned  in  wide  thin  plates,  to  buckle,  or 
bend  up,  between  the  vertical  rolls,  would  require  to  be  obviated, 
in  plates  much  over  2  ft.  wide,  by  some  special  contrivance.  This  has 
not  yet  been  worked  out,  so  far  as  the  writer  is  aware ;  and,  although 
it  is  obvious  that  such  an  appliance  could'  be  devised,  this 
complication  would  add  very  materially  to  the  objections  which 
already  exist. 

The  advantages  of  the  Belgian  mill  may  thus  be  said  to  be  confined 
to  large  establishments,  where  more  than  one  plate  mill  is  in  constant 
operation,  and  where  plates  under  about  2  ft.  6  in.  in  width  may 
always  be  selected  from  the  orders  in  hand,  in  quantity  sufficient 
for  one  mill.  Under  such  circumstances  a  very  considerable  saving 
may  be  effected.  Whether  or  not  the  plan  could  be  profitably  applied 
to  all  classes  of  work,  is  a  problem  which  could  be  solved  only  at 
very  considerable  expense. 
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In  Fig.  3,  Plate  5,  is  ahown  the  general  constmotion  of  a  Sliding 
M  mill,  designed  to  aooomplish  the  same  object  as  the  Belgian 
miH,  wiihont  being  open  to  any  of  the  more  serious  objections  against 
the  use  of  the  latter.  The  constrnction  of  this  mill  may  be  thus 
dMeribed.  The  ordinary  rolls  of  a  plate  mill  are  removed,  and  in 
ibe  8une  standards  a  pair  are  snbstitated  of  the  form  shown  in  the 
dnwmg.  It  will  be  seen  that  the  top  roll  A  and  the  bottom  roll  B 
tn  nearly  alSke  in  form :  and  that  a  collar  D  is  placed  on  the  top 
loQ  A,  and  a  ooUar  0  on  the  bottom  roll  B.  These  collars  are  not 
oil  lolid  on  the  rolls,  but  are  capable  of  sliding  along  them ;  being 
beld  kowerer  in  one  position  longitudinally,  as  regards  the  other 
roll,  Ij  corresponding  grooYCS. 

Applied  to  the  end  of  the  top  roll  A  is  a  powerful  screw  E,  which 
tihs  its  thrust  from  the  top  chock  F,  and  consequently  rises  or  falls 
H  the  top  roll  is  adjusted  in  height.  By  working  this  screw 
a  kngitBdinal  trayerse  is  given  to  the  top  roll  A,  its  necks  being 
of  such  a  form  as  to  allow  of  this  motion ;  whilst  the  bottom  roll  B 
lemains  firmly  fixed  endways  between  the  standards.  The  end 
inotioii  of  the  top  roll  A  carries  with  it  the  bottom  collar  C,  whilst 
tbe  top  collar  D  remains  stationary ;  and  by  this  means  the  distance 
^art  of  the  two  collars  is  adjusted  ad  libitum,  being  limited  only 
I7  the  travel  allowed  to  the  top  roll  A  in  the  direction  of  its  length. 

In  Fig.  4  is  shown  the  form  of  box  and  spindle  which  has  been 

•dopted,  and  which  has  been  found  to  present  no  inconvenience.    The 

iqUb  are  adjusted  vertically  in  the  usual  way,  but  clearly  they  must 

Hot  be  allowed  to  open  so  fxt  apart  as  to  draw  the  collars  out  of  the 

groofes. 

As  this  system  of  rolling  is  applicable  to  every  stage  of  the 
proeess — ^forge  rolling,  blooming,  roughing  down,  and  finishing — and 
to  steel  from  the  ingot  as  well  as  to  iron  from  the  pile,  it  will  be 
seeesaary  to  describe  it  in  oonnection  with  each  of  these  separately, 
as  it  will  be  found  that  there  are  certain  points  in  each  requiring 
special  consideration. 

Firstly,  as  to  Forge  rolling  (Fig.  8,  Plate  5).  It  is  at  all  times 
iD0(mvenieiit  to  use  very  wide  piles,  owing  to  their  not  heating 
uniformly,  and  on  account  of  the  space  and  height  required  in  the 
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furnace,  to  aUow  of  their  being  turned:  hence  it  will  probably 
found  that  rolls  arranged  to  roll  puddled  bars  varying  in  wi< 
from  12  to  24  in.  will  meet  all  requirements.  The  collars  f 
grooves  would  have  to  be  of  such  a  size  as  to  allow  of  a  verti 
adjustment  of  about  5  in.  Such  a  mill  would  be  an  extrem 
simple  affair,  and  need  not  be  further  described ;  but  its  use  woi 
be  attended  with  great  advantage  in  connection  with  all  plate  mi 
whether  the  puddled  bars  were  to  be  afterwards  used  in  mills  of 
same  construction  or  not.  The  same  may  be  said  as  regards  m: 
rolling  large  sections  of  bar  iron,  since  the  same  pair  of  rolls  woi 
produce  bars  of  any  width  within  the  length  of  the  rolls,  obviat 
the  necessity  for  frequent  change  of  rolls. 

Secondly,  with  regard  to  Blooming  (Figs.  5  and  6,  Plate 
In  some  mills  this  operation  could  be  advantageously  combii 
with  roughing  flown,  and  both  operations  done  in  the  same  ro 
the  latter  process  being  in  fact  but  a  continuation  of  the  fom 
Where  large  plates  were  made  however,  this  wonld  be  foi 
impracticable,  as  sufficient  vertical  adjustment  in  the  top  roll  co 
not  be  obtained  in  one  pair  of  rolls  without  cutting  very  d 
grooves,  and  so  leaving  the  rolls  dangerously  weak.  It  is  there! 
necessary  to  have  blooming  rolls  with  a  vertical  adjustment, 
ordinary  mills,  of  about  5  in. ;  so  that,  taking  a  pile  12  in.  dc 
they  would  squeeze  it  down  at  once  to  10  in.,  and  then  by  suocese 
adjustments  of  the  rolls  to  a  minimum  thickness  of  7  in.,  at  wh 
the  roughing  rolls  are  calculated  to  deal  with  it. 

Thirdly,  as  to  Boughing  down  (Figs.  7  and  8,  Pkte  6).  Thii 
already  stated  is  simply  a  continuation  of  the  blooming  process, 
must  be  remarked  however  that  provision  has  only  been  made 
puddled  bars  up  to  2  ft.  wide,  and  perhaps  even  this  is  somewhai 
excess  of  what  could  be  used,  with  due  regard  to  economy  of  hei 
and  space  in  the  heating  furnace:  hence  all  plates  above  1 
width  would  have  to  be  rolled  with  their  length  in  the  direct 
of  the  width  of  the  pile.  There  is  no  objection  whatever  to  t 
and  it  is  frequently  practised  for  convenience'  sake  in  ordin 
plate  rolling.  In  these  cases  the  length  of  the  pile  would  correspc 
as  nearly  as  may  be,  with  the  width  of  the  plate. 
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Fourthly,  as  to  Fuushiiig  rolls.  These  are  generally  similar  to 
tiie  iboTe,  bat  are  made  with  still  smaller  collars  than  the  roughing- 
^own  ioUb,  the  adjustment  necessary  being  extremely  limited,  say 
from  1  in.  to  1^  in.  It  will  be  seen  that  it  is  impracticable  to  provide 
fa  man  than  a  limited  length  of  travel  for  the  top  roll  in  any  case, 
M  more  especially  is  this  true  of  the  finishing  rolls,  where  the 
pfesare  in  rolling  is  greatest ;  otherwise  the  rolls  would  become 
daogeroofily  small  in  diameter  in  proportion  to  their  length.  In 
pncdoe  it  will  probably  be  found  that  a  travel  of  about  2  ft.  will 
be  M  much  as  is  convenient.  So  that  beginning  at  12  in.  width,  one 
piir  of  rolls  would  finish  up  to  8  ft  and  all  intermediate  widths. 
Another  pair  would  begin  at  8  ft,  and  with  a  travel  of  2  ft  would 
finish  np  to  5  ft,  covering  all  intermediate  widths.  Where  two  mills 
were  in  constant  operation,  the  one  could  be  kept  on  the  narrower 
ud  the  other  on  the  wider  plates ;  but  where  only  one  was  in  use, 
the  rolls  would  have  to  be  changed  occasionally,  probably  not  more 
frequently  than  once  a  week. 

The  relative  merits  of  this  system  of  rolling  as  compared  with 

tkee  of  the  Belgian  mill  may  be  briefly  noticed.    It  will  at  once  be 

noMffked  that  no  real  side  compression  can  be  given  to  the  pile  when 

'oQed  in  this  way.    In  practice  however  this  cannot  be  effected  even 

with  the  vertical  rolls  in  ihe  Belgian  mill ;  nor  is  such  compression 

neoeiBary  or  desirable,  as  the  pressure  of  the  main   rolls  is  quite 

folBdent  to  squeeze  the  piece  out  laterally  to  such  an  extent  as  to 

iDikB  it  fill  the  space  between  the  collars  in  the  one  case,  and 

between  the  vertical  rolls  in  the  other,  and  so  form  a  dose  sound 

edge.    But  whilst  in  the  Belgian  mill  the  plate  is  subjected  first  to 

▼ertioal  pressure  by  the  main  rolls,  and  afterwards  to  lateral  pressure 

by  the  vertical  rolls,  in  the  sliding-roU  mill  the  lateral  and  vertical 

presBores  are  simultaneous ;  and  consequently  no  thickening  of  the 

edges  or  other  similar  imperfection  is  possible. 

In  the  Belgian  mill  the  pile  must  invariably  be  put  into  the  roUs 
endwisBy  because  its  width  would  be  too  little  to  bridge  the  distance 
between  the  horizontal  and  the  vertical  rolls  ;  so  that  every  pile 
most  be  made  as  wide  as  the  plate  to  be  rolled  from  it.    This  is  a 
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great  difficulty  when  the  phite  is  over  18  in.  wide,  and,  so  &r  a 
writer  is  aware,  has  yet  to  be  oyeroome. 

The  collared  roll  is  also  much  more  readily  adjusted  to  width 
are  the  vertical  rolls  of  the  Belgian  mill.  In  the  latter  case  not 
the  vertical  rolls  themselves,  but  also  the  plate-guides,  both  b 
and  behind  the  main  rolls,  have  to  be  adjusted  with  the  gre 
nicety.  This  causes  considerable  loss  of  time  and  waste  of  fuel 
material,  as  after  every  re-adjustment  one  or  two  experimental  j 
have  to  be  rolled  to  test  its  accuracy* 

The  difference  between  the  two  mills  in  point  of  first  cost 
hardly  be   pointed  out.     The  sliding-roll  mill  does  not  gr 
exceed,  either  in  first  cost  or  working  expenses,  a  mill  constn 
on  the  present  model;    whilst  a  Belgian  mill  would  cost  i 
twice  as  much. 

Lastly,  the  rolling  of  steel  plates  by  means  of  the  machi 
described  will  obviously  present  no  difficulties.  This  point 
already  been  alluded  to ;  but  inasmuch  as  rolling  iron  from  a  p 
a  much  more  complex  operation  than  rolling  steel  from  a  solid  i 
the  former  process  has  received  for  the  present  the  most  attei 
more  perhaps  than  its  declining  importance  deserves.  Steel  plates 
sooner  or  later  be  used,  to  the  very  general  exclusion  of  the  inf 
material ;  and  it  is  confidently  believed  that  the  adoption  oi 
process  described  would  go  far  to  lessen  the  great  differem 
present  existing  between  the  cost  of  making  steel  plates  and 
higher  cost  of  makiDg  iron  plates  of  equal  weight 
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Disctusion, 

Tbe  President  was  sorry  to  say  that  Mr.  Hutchinson  was  ill 
utd  was  therefore  not  able  to  be  present ;  bat  it  had  been  fonnd 
ifflpoMihle  to  postpone  the  paper  any  further,  as  it  had  already  been 
p<Mtponed  from  a  preyious  meeting. 

Mr.  JxBXKiAH  HsAD  Said  that  the  author  of  the  paper  was  well 

bown  in  the  North  of  England   as  a  yery  ingenious  and  sound 

iMchiiuc,  and  of  great  ezperienee  in  rolling-mill  machinery ;  therefore 

laything  that  came  from  him  deserved  their  yery  closest  attention. 

It  bad  often  puzzled  himself  how  it  was  that  no  English  manufacturer 

•Mmed  to  be  able  to  compete  with  the  Belgians  in  what  were  called 

*^htf»i  flats,"  or  even  to  make  them  at  alL     A  large  number  of 

tiKMe  broad  flats,  or  plates,  up  to  40  ft.  in  length  and  20  in.  in  width, 

bad  come  into  the  London  market,  and  had  been  used  principally  in 

ZDakiiig  builders'  girders.     There  was  no  English  manufacturer,  he 

bdiered,  who  had  even  attempted  to  make  them,  except  the  Skeme 

bui  Co.,  when  Mr.  Hutchinson  was  their  managing  director.     It 

wiB  quite  obvious  that  there  must  be  a  great  saving  in  rolling  these 

>Mp8  as  bars,  instead  of  as  plates ;  and  it  became  a  question  why 

Engliah  manufacturers  did  not  adopt  the  Belgian  m^hod.     Some  of 

the  reasons  for  this  Mr.  Hutchinson  had  pointed  out  in  his  paper : 

^  instance,  the  specifications  were   generally  for   comparatively 

inudl  quantities  to  each    different  width,  so    that  they  required 

^aent  changes  of  rolls,  and  thus  the  cost  was  enhanced;   and 

igain  there  was  a  great  tendency  to  thickened  edges  in  plates  so 

tolled.     The  long  strips  used  to  make  up  the  top  or  bottom  member 

of  a  girder  were  generally  required  to  be  placed  one  over  another ; 

ind  it  was  obviously  a  great  disadvantage  if  there  was  any  thickening 

it  the  edges,  because,  when  several  thicknesses  were  riveted  together, 

the  rivets  were  apt  to  squeeze  into  the  spaces  between  the  plates. 

Again,  a  large  number  of  wasters  might  easily  be  produced  in 

rolling  mulk  plates,  owing- to  their  tendency  to  curve  sideways,  and  to 
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the  extreme  difficulty  of  straigbtemng  them  afterwards.  It  was 
known  perhaps  to  every  one  that,  in  rolling  broad  and  thin  secti 
the  extension  of  the  iron  all  took  place  in  the  direction  of 
rolling,  the  grip  of  the  two  rolls  upon  the  surface  almost  enti 
preventing  any  extension  sideways.  It  was  therefore  clear  thi 
pile  of  iron,  when  pat  into  the  rolls,  most  be  about  the  same  w 
as  the  broad  flat  intended  to  be  produced ;  therefore  a  large  nui 
of  piles  of  different  widths  must  be  made  to  suit  the  difife 
specifications.  The  Belgians  had  overcome  that  difficulty  by  ha 
a  succession  of  widths  of  puddle-bars,  as  detailed  in  the  paper ; 
this  involved  side-welds  at  the  top  and  bottom,  which  were 
objectionable,  tending  to  produce  what  was  known  as  ''  reediness, 
a  tendency  to  split  longitudinally  into  shreds  like  a  reed, 
remembered  not  long  since  seeing  some  Belgian  girders  on  a  ti 
in  London,  riveted  up  and  ready  for  the  builders,  on  which  he  c 
trace  incipient  cracks  lengthways  in  several  places.  No  doubt  t 
cracks  would  be  hidden  in  the  walls  where  the  girders  rested, 
therefore  would  not  be  of  much  consequence  to  the  builders ;  bu 
anything  like  bridge  work  such  defects  would  be  quite  inadmissi 

A  system  had  been   devised  by  Mr.    Hutchinson,  which 
intended  to  supersede  the  Belgian  mill  in  rolling  these  broad  f 
and  he  thought  it  was  a  decided  improvement.    If  the  flats 
rolled  as  bars,  it  was  much  better  that  they  should  be  sque 
against  collars,  than  between  a  pair  of  rolls  tending  to  thicken 
edges.    If  broad  flats  were  to  be  made  at  all  in  the  Belgian  we 
was  a  manifest  advantage  to  make  the  puddled  bars  of  the  fini 
width,  to  form  the  top  and  bottom  of  the  piles,  and  not  to  build  i 
up,  as  the  Belgians  did.    Mr.  Hutchinson  therefore  wisely  decide 
have  his  blooming  mill  and  also  his  puddle-bar  mill  adjustabl 
order  to  make  tops  and  bottoms  of  the  same  width  as  the  finis 
mill ;  and  he  himself  did  not  see  why  the  principle  should  nc 
extended  to  the  making  of  puddle-bars  or  the  blooming  of 
generally,  whether  they  were  to  be  used  afterwards  in  a  similar 
or  in  an  ordinary  plate-mill. 

But  Mr.  Hutchinson  would  go  further  than  that :  he  would  ] 
his  plate  mills  altogether  of  the  new  design,  to  roll  plates 
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2fl  6  iiL  to  5  &  wide.  There  he  himself  coiild  hardly  follow  him. 
Ko8t  pIiteB  that  were  broader  than  1  ft.  wide  were  intended  to  have 
1018  of  HTetB  along  the  edges.  Now  it  was  of  vital  importance  that 
iIoDg  t  row  of  rivets  the  iron  should  not  be  ^  reedy,"  and  therefore 
should  not  in  its  manofactnre  have  been  always  spread  in  one 
dinction  only.  In  an  ordinary  plate-mill  the  plate  was  not  extended 
tlnys  in  one  direction ;  the  pile  was  generally  pat  through  sideways 
until  it  was  rolled  out  to  the  full  width,  and  then  it  was  tamed 
at  right  angles,  and  rolled  oat  to  the  required  length.  Also  in 
entering  the  hot  slab,  the  men  found  it  easier  to  themselves  to  work 
forward  one  comer  till  the  rolls  caught  it,  and  next  time  to  advance 
tbe  opposite  comer.  In  that  way  the  g[rain  of  the  iron  in  the 
finished  plate  was  continually  being  varied  in  direction ;  it  became 
orentnally  more  or  less  crossed  or  interlaced.  Tbe  result  was  that 
ft  seam  of  rivets  was  never  in  the  exact  line  in  which  the  grain  of 
the  iron  ran.  He  thought  that  was  a  very  important  point,  especially 
in  boiler  plates,  where  seam  rips  were  produced  more  easily  if  tbe 
inm  was  in  any  sense  reedy.  But  if  all  plates  were  made  by  the 
system  described  in  the  paper,  he  feared  there  would  be  a  great 
tendency  to  reediness. 

Again,  if  plates  were  to  be  made  on  that  system  of  all  widths, 
the  mill  would  be  a  very  cumbrous  one.  It  would  consist  of  a 
blooming  mill,  of  two  pairs  of  pinions  for  conveying  the  motion  to 
^  top  rolls,  and  (if  it  went  to  6  ft.  or  6  ft.  6  in.  widths)  of  three 
s^tB  of  finishing  rolls.  No  doubt  in  small  mills  rolling  bar  iron 
^  might  be  several  sets  of  rolls  without  inconvenience ;  but  with 
ponderous  plate-rolls  it  was  desirable  that  there  should  not  be  too 
1^7  attached  to  one  mill. 

It  was  very  curious  to  notice  the  effect  of  rolling  on  the  tenacity 
of  iron,  and  also  on  its  elasticity  in  bending.  It  was  well  known  that 
the  tensile  strength  of  good  iron  plates  was  something  like  22  tons 
pv  sq.  in.  in  the  direction  of  the  grain,  and  only  18  tons  across.  He 
^  heard  it  stated  that  in  steel  plates  the  difference  did  not  exist ; 
bat  fixHn  the  experiments  he  had  made  he  believed  it  did  exist,  though 
iiot  to  the  same  extent.  Iron  was  not  only  stronger  along  the  grain, 
bot  it  would  bend  round  to  a  much  greater  angle,  both  cold  and  hot. 
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than  it  woald  acroBS  tlie  grain.  As  far  as  he  had  experimented,  h 
had  found  that  mild  steel  plates  also  bent  rather  better  in  ih 
direction  of  the  grain  than  they  did  across  it.  It  was  onrions  thi 
extending  the  iron  should  at  the  same  time  increase  its  tenaeit] 
He  could  only  account  for  it  on  the  supposition  that  the  molecules  < 
iron  were  thereby  forced  into  closer  contact  one  with  another,  so  thi 
they  came  more  completely  within  the  range  of  attraction  < 
cohesion. 

He  was  inclined  to  agree  with  Mr.  Hutchinson  that  there  was 
better  chance  of  using  his  method  for  wide  steel  plates  than  for  irox 
because  the  steel  plates  were  made  either  from  ingots,  which  were  cai 
pretty  square,  or  from  blooms  made  from  ingots,  which  wei 
hammered  square  beforehand ;  therefore  there  was  a  better  chance  < 
a  good  edge  to  start  with.  He  might  also  add  that  reediness  was 
liability  attaching  rather  to  iron  plates,  when  badly  mann&oturei 
than  to  steel  plates,  which,  if  not  good,  were  untrustworthy  in  oth< 
ways.  Mr.  Hutchinson  based  his  claim  for  saving  in  great  part  on  H 
avoidance  of  the  scrap  produced  by  shearing  plates ;  but  it  mu 
be  borne  in  mind  that  iron  plates  could  not  be  made  without  son 
scrap.  If,  by  the  adoption  of  Mr.  Hutchinson's  method,  there  we 
little  or  no  scrap  produced  in  plate  mills,  he  did  not  know  ho 
the  higher  qualities  of  plate  iron  would  be  made  at  all.  The  sen 
obtained  from  shearing  plates  was  put  into  the  pile,  and,  beii 
double  worked,  it  was  very  useful,  especially  for  producing  tl 
higher  qualities.  The  paper  however  was  a  very  valuable  one,  ai 
not  the  least  of  its  merits  was  the  extreme  clearness  with  which  M 
Hutchinson  had  expressed  his  views. 

Mr.  F.  W.  Webb  would  confine  his  remarks  to  the  rolling 
steel.  Up  to  the  present  time  all  steel  ingots  were  found  to  1 
honeycombed  to  a  greater  or  less  extent,  especially  on  the  outsid 
and  especially  if  cast  in  iron  moulds.  Now  in  rolling  steel  plat 
for  boiler  purposes  he  had  always  endeavoured  to  make  the  ingots  • 
such  a  size — not  less  than  2  ft  square — as  that,  when  the  ingot  hi 
been  compressed  and  rolled  into  a  plate,  the  cells  on  the  two  fao 
might  be  flattened  out  to  mere  thicknesses  of  paper,  while  those  ( 
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dw  edges  were  ont  away  in  the  scrap.  If  be  were  to  edge  the  ingot 
b7  potting  it  into  a  pair  of  Mr.  HntchinBon's  blooming  rolls,  be 
liioiild  experienoe  the  difficulty  tbat  tbe  honeycombs  on  the  two  edges 
voold  be  merely  closed  up,  but  not  disposed  of.  In  making  large 
plitet  be  always  made  it  a  practice  to  hammer  tbe  ingot  on  the  two 
f^es  only,  and  let  all  the  little  cells  on  the  edges  dcTelop  themselves 
nd  burst  open,  so  that  they  could  not  by  any  means  be  rolled  into 
the  body  of  the  plate.  To  the  adoption  ai  that  course  he  beliered 
¥18  doe  a  great  deal  of  the  success  of  the  steel  plates  made  at  Crewe, 
lad  the  good  results  they  were  giving  in  wear.  Plates  made  in  that 
my  for  one  of  the  company^s  ships,  the  Isabella^ — which  was  now 
jvt  out  of  tbe  graving  dock,  after  being  at  sea  for  twelve  months — 
did  not  show  any  of  the  defects,  or  the  pitting,  said  to  have  been 
experienced  by  some  persons  in  the  use  of  steel  plates. 

There  were  one  or  two  points  to  be  noticed  in  the  author's  system. 
Eferj  time  the  collared  rolls  were' turned  down,  new  collars  must  be 
pot  on,  or  else  a  series  of  collars  must  be  kept  of  different  diameters, 
to  fit  the  rolls  each  time  they  were  turned  down.  Again,  in  rolling 
fiiuihed  plates,  supposing  there  was  a  large  order  of  one  width,  they 
vodd  he  likely  to  wear  the  rolls  down,  so  as  to  make  it  necessary  for 
tkeie  to  be  turned  before  they  could  make  good  work  of  another 
^ih.  He  should  also  like  to  know  whether  the  author  had  had 
ttj  eq)erience  as  to  unequal  heating  with  these  rolls.  It  was  known 
^  if  a  roller  liked,  he  could  break  his  roll  at  any  time,  by  heating 
it  Qp  tmequally ;  and  he  was  afindd  lest  some  difficulty  on  that  score 
loight  develop  itself  with  these  collared  rolls. 

Mr.  Dakiel  Adavson  looked  at  the  mill,  from  a  mechanical  point 
^  TiBw,  as  possessing  many  excellences  ;  but  he  agreed  with  Mr.  Head 
^  it  was  much  better  adapted  to  rolling  steel  plates  than  iron  plates. 
Inn  plates,  filled  as  they  were  with  a  considerable  amount  of  cinder, 
ooold  not  be  rolled  without  leaving  rough  and  serrated  edges ;  and 
if  these  were  closed  up  by  the  side  action  of  the  collars,  the  strength 
ut  a  lateral  direction  would  be  far  inferior  to  what  it  ought  to  be. 
^  that  oontft^^*>^  a  large  amount  of  cinder  lost  its  transverse 
>^i«igik  nearly  in  proportion  to  the  square  of  the  percentage  of  cinder 
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contained.  Thus  iron  like  Low  Moor,  whicli  only  contained  aboni  1 
cent,  of  cinder,  mast  necessarily  have  a  fax  higher  transverse  strc 
than  the  common  iron,  saoh  as  was  known  in  the  trade  as  ship  i 
or  bridge  iron,  containing  not  less  than  8^  or  4  per  cent,  of  oind 
weight ;  and  it  should  be  borne  in  mind  that  the  specific  grayii 
the  metal  was  three  times  that  of  the  cinder,  so  that  the  bulk  a 
latter  would  be  10  or  12  per  cent.  When  iron  was  used  for  stmc 
purposes,  whether  for  ships,  boilers,  or  bridges,  its  ultimate  strc 
might  be  seriously  affected  by  the  question  whether  there  was 
or  less .  cinder  at  a  given  point.  If  there  happened  to  be  a  pate 
cinder,  which  had  been  drawn  ojit  in  rolling,  so  that  there  w 
streak  of  cinder  in  a  longitudinal  direction,  this  might  easily 
away  half  the  strength  of  the  plate,  when  strained  in  a  lateral  direc 
at  a  given  point.  So  that  the  subject  was  not  a  mechanical  one 
but  should  be  looked  at  from  every  point  of  view,  so  as  to  1 
exactly  what  the  material  was  composed  of.  He  was  inclined  to  \ 
that  a  plate  containing  3^  per  cent,  of  cinder  lost  at  least  15  per 
of  its  strength  in  a  lateral  direction,  while  a  plate  containing  on] 
per  cent,  of  cinder  did  not  lose  more  than  4  or  5  per  cent. ;  it 
therefore  be  evident  that  there  was  no  dependence  to  be  placed 
mere  mechanical  view  of  the  subject.  It  must  thus  be  clear 
it  would  not  answer  to  apply  this  system  to  iron  containing  i 
cinder,  and  intended  for  bridge  purposes ;  because  they  had  just 
clear  evidence  that  not  only  was  longitudinal  strength  wanted 
strength  in  the  transverse  direction  also,  to  prevent  the  occurren 
catastrophes  such  as  had  lately  occurred.  The  proper  applic 
of  the  system  would  be  to  roll  only  the  best  iron,  from  whid 
cinder  had  been  previously  expelled. 

With  regard  to  steel,  if  this  was  serrated  at  the  edge,  or  foli 
on  account  of  the  small  blow  holes  at  the  surface,  produoa 
surface  porosities,  it  would  be  a  mistake  to  treat  it  as  Mr.  Kutchi 
proposed  ;  but  when  large  quantities  of  mild  steel  plates  were  n 
they  were  usually  found  to  come  out  with  a  rounded,  clear,  sn 
edge,  not  indicating  any  of  the  characteristics  of  the  mixed  oomp 
called  plate  iron,  or  even  of  the  harder  metal  called  tool  or  bard 
steeL      This  latter  was  much  harder  than  the  ordinary  ingot  steel 
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flMa  idled  bad  much  the  same  serrated  appearance  on  the  edges  as 
pbte  iran.  He  oould  not  at  all  agree  with  Mr.  Head  that  with  steel 
pkftH  tiwie  was  mnj  material  difference  in  the  power  of  endnranoe, 
iHhb  tested  longitudinally  and  transversely.  In  a  vast  number  of 
MflhexperimentB,  which  he  had  conducted,  he  had  not  found  a  greater 
firiitioii  than  2  per  cent,  in  either  direction ;  and  it  had  as  often 
teen  in  fiTonr  of  the  transverse  as  of  the  longitudinal  direction.  As 
to  bending,  he  had  bent  at  least  50,000  specimens  in  a  transverse 
dineticii,  with  at  least  as  satis&ctorj  results  as  he  had  ever  obtained 
hj  bending  in  a  longitudinal  direction. 

The  Prisidxnt  asked  if  Mr.  Adamson  had  ever  made  a  chemical 
mlyiis  of  the  shearings  from  the  edges  of  plate,  to  see  if  they 
eootuned  more  cinder  than  the  body  of  the  plate. 

Hr.  Abamsov  said  he  bad  only  referred  at  present  to  iron  and 

ital  from  a  mechanical  point  of  view.    If  an  iron  plate  had  a  |-in. 

hde  drilled  or  punched  dose  to  the  edge  and  then  drifted  out,  it 

lesld  only  stretch,  as  a  rule,  about  -^  in.  in  diameter.    A  |-in.  hole 

InDed  in  die  same  position  in  a  mild  steel  plate  would  drift  out  to 

80  per  cent,  increase  of  diameter.    But  when  a  washer  was  cut  out 

fnm  the  iron  plate  and  annealed,  then,  instead  of  stretching  ^  in. 

only,  it  would  stretch  -^^  in.  or  ^  in.    He  attributed  that  to  the  strip 

between  the  hole  and  the  edge  of  the  plate  having  a  tendency  to 

1^  away  from  the  rest,  as  the  drift  enlarged  the  hole.     In  the 

loDgitadinal  direction  the  atoms,  in  the  process  of  rolling,  became 

iaterlocked,  as  he  would  explain  it  in  preference  to  the  explanation 

giien  by  Mr.  Head.    But  by  the  same  longitudinal  extension  there 

VIS  often  laid  down  alongside  the  atoms,  when  the  iron  was  dirty, 

i  oonesponding  streak  of  cinder,  which  had  a  tendency  to  make  4ihe 

Mp  split  out  with  very  great  feMulity ;  and  hence  the  occasional 

tieacherousnesB    of   moderately  good    iron — good,  that    is,  in  its 

Bttoral  composition,  but  bad  in  its  manufiEbcture.    The  results,  when 

neh  plates  were  used  for  steam  boilers,  were  seam  rents  in  the 

direction  in  vdiich  the  plates  had  been  rolled. 


M 
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He  ihonglii  it  was  a  great  misfortune  that  there  was  not  more 
cyidenoe  before  engineers  as  to  the  strength  of  an  ordinary  flat  rolled 
bar  taken  transyerselj,  compared  with  its  strength  taken  longitudinally. 
There  was  a  fair  amount  of  evidenoe  as  to  plates  in  ordinary  use; 
bat  for  bridge  purposes,  where  transverse  and  lateral  strength  was 
required  in  flat  bars,  there  was,  in  his  opinion,  no  practical 
eyidence  as  to  their  lateral  power  of  resistance.  He  had  no 
hesitation  in  saying  that  iron  might  lose  two-thirds  of  its  strength 
in  the  transverse  direction,  through  the  interposition  of  a  non- 
metallic  component ;  and  if  so,  it  was  obvious  how  dangerous  it  was 
to  depend  much  upon  a  flat  bar  when  strained  in  a  transverse 
direction. 

The  Pbbsident  said  that  the  occurrence  of  cracks  in  Belgian  iron 
lengthways,  owing  to  the  want  of  perfect  welding  between  the  several 
bars  of  the  pile,  was  a  circumstance  noticed  before,  by  himself  and  by 
others.  One  point  to  be  considered  about  the  system  in  question 
was,  whether  the  iron  would  keep  out  of  the  grooves  and  collars,  or 
would  get  into  them,  when  they  were  worn  a  little ;  but  the  practical 
experience  of  Mr.  Hutchinson  would  no  doubt  put  that  matter  to 
rest. 

With  regard  to  what  Mr.  Head  had  said  about  the  interlacing  or 
interlocking  of  the  fibres  in  rolled  iron,  it  seemed  to  him  that,  when 
iron  first  came  to  nature  in  the  furnace,  it  was  all  in  little  pieces,  so 
to  speak.  These  little  pieces  were  more  or  less  perfectly  welded 
together*  in  the  rolling ;  but  each  particular  piece  was  elongated  to 
very  many  times  its  original  length,  and  so  became  a  thread  or  fibre. 
Those  fibres  lying  alongside  of  one  another,  and  more  or  less  perfectly 
welded,  produced  toughness  in  the  longitudinal  direction  of  the 
plaba,  but  only  in  that  direction,  if  it  were  continued  to  be  rolled 
lengthways.  Hence  the  necessity  of  handing  the  plate  round,  and 
rolling  it  sideways,  or  comerways,  as  well  as  lengthways.  That 
advantage  would,  he  thought,  be  very  much  lost  in  rolling  large 
plates  on  the  plan  described,  unless  they  were  first  rolled  erossways 
to  get  the  width ;  but  so  long  as  the  metal  was  good  enough  and 
clean  enough,  a  raw  edge  would  not  be  made.    The  collars,  he 
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thought,  were  sufficient  to  keep  the  metal  together,  the  same  as  in 
rolling  ozdinary  narrow  bars;  but  all  engineers  knew  that  wide 
plfttei  hid  a  great  tendency  to  form  ragged  edges,  and  the  natural 
feeling  was  that  it  would  be  better  to  cut  those  off.  He  begged  to 
propose  a  Tote  of  thanks  to  Mr.  Hutchinson  for  his  paper,  which 
iifl  Tory  clearly  written,  and  yery  well  illustrated  by  drawings. 
The  Tote  of  thanks  was  passed. 


The  following  paper  was  then  read  : — 


M  2 


100  Jia.  1880. 


IS  AUTOMATIC  ACTION  NECESSABY  OB  DESIBABLE 
IN  A  CONTINUOUS  KAILWAY  BBAKE  ? 


Bt  Mb.  T.  HUBBT  BIGHES,  or  Cabdiff. 


In  bringing  the  above  problem  before  the  members  of  ihii 
Institution,  the  writer  is  actuated  only  by  a  desire  to  see  the  subject 
thoroughly  discussed,  as  being  one  which  desenres  the  careful 
consideration  of  the  Board  of  Trade,  the  railway  companies,  and 
the  general  public,  before  any  definite  instructions  are  issued  by  the 
Board  of  Trade  upon  the  momentous  question  of  the  Continuous 
Bailway  Brake  to  be  finally  adopted  throughout  the  kingdom.  In 
the  first  place  it  appears  necessary  to  point  out  that  there  exists  a 
difference  between  the  ideal  automatic  brake,  as  conceiTod  and 
understood  by  the  public,  and  the  actual  automatic  brake  found  in 
r^ular  use  upon  a  few  of  the  railways  of  this  and  other  countries. 
The  former,  as  all  know,  should  anything  go  wrong  with  any  of  its 
many  yital  parts,  indicates  the  fact  with  certainty,  or  else  at  once 
applies  itself  to  the  wheels :  whilst  the  latter  has  a  very  heavy  list 
recorded  against  it  of  failures  to  fulfil  either  of  these  desirable 
objects;  and  in  addition  shows  a  veiy  large  number  of  instances 
where  the  brake  was  rendered  entirely  useless  for  the  remainder  of 
the  journey  (frequently  a  long  one)  owing  to  its  getting  out  of  repair. 
As  more  detailed  particulars  are  furnished  further  on  r^arding  these 
difforent  classes  of  failures,  the  writer  refrains  from  dealing  with 
them  here.  He  will  now  define  what  appear  to  him  to  be  the 
essential  points  upon  which  to  base  the  opinion,  whether  or  not  any 
of  the  known  automatic  brakes  are  sufficiently  reliable  to  justify 
their  adoption  in  preference  to  non-automatic  brakes.  These  points 
are  as  follows. 
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(I)  A  cGmparison  should  be  made  between  the  Dumber  of 
recorded  accidents  in  which  antomatic  action  has  either  preyented  or 
mitigated  disaster,  or  else  which  might  haye  been  benefidallj  affected 
if  latomatio  brakes  had  been  fitted  to  the  trains,  and  the  number  of 
toddents  and  failures  which  are  recorded  as  caused  by  defects  in 
parti  necessary  to  make  the  brake  automatio.  The  greater  number 
of  these  latter  mishaps  haye  rendered  the  brake  useless  until  the 
tziin  could  be  taken  to  the  repairing  shed ;  hence  in  many  cases  the 
tnioB  had  to  be  run  for  the  remainder  of  the  day  without  a 
oootinuous  brake  ayailable  to  meet  emergencies. 

(XL)  As  the  danger  of  trains  separating  has  been  held  to  be  one  of 
ike  most  pressing  reasons  for  requiring  automatio  action  in  railway 
brakaBi,  the  writer  has  carefully  searched  the  Board  of  Trade  Betums 
for  the  year  1878,  and  has  also  written  on  the  subject  to  a  large 
somber  of  locomotiye  superintendents  in  this  country,  in  order  to 
aioertain  as  &r  as  possible  the  number  of  cases  where  trains  haye 
pizted,  either  with  or  without  collision.  He  finds  only  three  cases  of 
tiie  kind  reported  in  the  Board  of  Trade  Betums  during  the  whole 
THir.  Of  these  the  first  occurred  to  a  passenger  train  which  left  the 
rails  at  a  junction,  the  carriages  taking  both  roads :  in  that  case  the 
Qofamment  Inspector  reported  that  if  the  train  had  been  fitted  with 
imf  description  of  continuous  brake,  the  driyer  could  haye  pulled  up 
in  time  to  ayoid  the  accident  The  second  case  was  where  a  train 
iras  fitted  with  an  automatic  brake ;  and  this  brake  suddenly  applied 
itself  to  the  hinder  portion  of  the  train,  and  pulled  it  up,  breaking 
lie  train  in  two.  The  third  instance  was  where  a  train,fitted  with  an 
automatic  brake,  was  running  at  a  speed  of  45  miles  per  hour,  when 
ne  of  the  tender  wheels  broke  away,  and  falling  beneath  the  train 
mashed  each  brake  cylinder  as  it  passed  oyer  it,  entirely  disabling 
he  brake.  The  train  trayelled  about  800  yards  after  leaying  the 
nek,  and  was  finally  stopped  and  broken  up  into  sections  by  coming 
n  contact  with  the  abutment  of  a  bridge,  which  it  reached  at  an 
stimated  speed  of  25  miles  per  hour.  These  constitute  the  whole 
imnber  of  recorded  instances  where  couplings  were  broken,  and  where 
iitomatic  action  could  display  itself;  and  it  will  be  noticed  that  in 
ma  the  breaking  was  caused  by  automatio  action,  and  in  another  the 
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ftnt^?fnM»f>  action  was  uaelesB ;  therefore  in  onlj  one,  and  that  a  yerj 

qneationaUe  instanoe,  coold  an  automatic  haTe  heen  of  any  more  use 

than  a  noa-^wtomatic  brake.    It  should  further  be  noted  that  in  each 

caae  aereiance  did  not  occur  nndl  the  carnages  had  been  numing 

off  the  road  for  some  distance,  and  until  the  main  damage  was 

done ;  in  other  words  it  did  not  occur  nntil  the  brake,  if  aTailable, 

ought  to  haye  completed  its  work.    Finally,  as  a  contra  account^  we 

find  in  the  same  Betoms  the  details  of  more  than  twenty  instances 

of  failure,  by  defects  occuning  to  the  Tarions  extra  fittings,  necessary 

to   make  the  brake  work  antomatically ;   and  in  many  of  these 

instances  the  brake  was  rendered  inoperatiTe,  thus  leaving  the  train 

to  be  worked  all  the  way  home  with  the  ordinary  hand-brakes  only. 

TLeDoe  the  comparison  under  this  heading,   so  far  as  the  Board 

of  Trade    Betums   for    1878  are   concerned,  stands  thus: — one 

questionable  success  as  against  twenty  failures. 

The  private  enquiries  made  by  the  writer  as  to  the  experience 
of  the  various  gentlemen  to  whom  he  applied,  have  brought  to  lighl 
only  two  or  three  cases  of  a  train  parting;  all  of  which  appeal 
to  have  occurred  at  or  near  stations,  and  to  have  been  caused  bj 
an  injudicious  use  of  hand  or  automatic  brakes :  the  &ct  being  ii 
each  case  that  the  engine  brakes  were  held  tight  on  just  at  th< 
moment  of  coming  to  a  stop,  without  an  equal  brake  power  beinf 
applied  to  the  rear  of  the  train,  and  that  the  sudden  recoil  of  th* 
buffers  caused  the  breakage  of  the  couplings.  But  if  the  engin 
brake  is  gently  released  at  the  moment  of  the  stop,  or  the  rear  braki 
gently  applied,  this  violent  action  will  never  take  place ;  and  with  an; 
continuous  brake  whatever,  capable  of  easy  regulation,  it  can  b 
avoided  without  difGloulty.  Strong  couplings  should  in  all  cases  fa 
the  sufficient  safe-guard  against  all  breaking  loose  of  trains  fcoi 
whatever  cause. 

On  the  other  hand  it  may  be  shown  that  every  automatic  brake  hi 
at  least  double  the  number  of  parts  that  a  non-automatic  brake  hafi 
therefore  there  is  double  the  risk  of  failure  from  parts  getting  out  < 
order,  as  well  as  a  much  greater  risk  of  improper  use  by  the  mc 
who  have  to  work  and  handle  the  brakes.    Furtheri  many  of  tt 
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working  parts  of  an  aatomatic  brake  are  necessarily  complicated 
and  delicate  in  oonstmction ;  and  hence  are  more  liable  in  themselves 
to  get  oat  of  order. 

In  order  to  get  a  general  yiew  of  the  whole  working  of  aatomatio 

bikes  dnring  the  eighteen  months  ending  Jnne  1879,  the  writer  has 

compiled,  from  the  Board  of  Trade  Betums  on  Continnoos  Brakes, 

the  appended  Tables  I-IV.,  which  give  the  total  nnmber  of  failures 

recorded  against  the  following  automatic  brakes — the  Westinghouse, 

the  Sanders  or  Sanders  and  Bolitho,  and  the  Steel  Mclnnes.    For 

comparison  with  these  the  non-aatomatio  Smith  Vacuum  Brake  has 

been  selected,  and  the  failures  of  that  brake  are  also  shown.    These 

fiulnres  are  throughout  distributed  under  several  headings,  according 

to  what  appear  to  have  been  the  circumstances  of  each  particular 

case.  An  examination  of  these  Tables  will  amply  bear  out  the  remark 

just  made,  as  to  the  larger  number  of  failures  in  working  parts  with 

automatic  as  compared  with  non-automatic  brakes. 

(ITL)  The  next  point  for  consideration  is  the  number  of  cases 
where,  through  defect  in  automatic  apparatus,  brakes  creep  on  whilst 
the  train  is  running,  and  finally  stop  it,  often  at  most  objectionable 
places.  Among  special  instances  may  be  mentioned  that  of  the 
Blaenmoor  tunnel,  where  a  Midland  train  was  pulled  up  in  this  way ; 
also  the  accident  at  Wemyss  Bay,  when  a  following  train  ran  into  the 
one  automatically  stopped,  and  injured  thirteen  persons.  But  besides 
these  there  are,  as  column  (7)  of  the  Tables  shows,  a  number  of 
instances  where  this  automatic  stoppage  has  taken  place,  and 
has  been,  to  say  the  least,  most  inconvenient.  It  must  be  further 
ooDsidered  that  this  large  class  of  stoppages  is  without  any 
countervailing  advantage  whatever ;  and  that  this  process  of 
creeping  on  whilst  running  has  a  strong  tendency  to  heat  and 
injure  tyres,  and  also  to  induce  an  immense  waste  of  fuel. 

(IY«)  Where  trains  are  worked  down  long  inclines,  none  of  the 
«Ti£t»yig  automatic  brakes  work  as  efficiently  as  the  non-automatic, 
because  the  former  cannot  be  so  easily  and  nicely  regulated  as  the 
latter.     This  fact  is  mentioned  in  M.  E.  Maria's  Beport  upon  the 
two  descriptions  of  brakes  in  use  on  the  Lyons  Bailway,  where  he 
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Bays  "  The  Westinghonse  brake  ifl  bo  difficult  to  moderate  that  it 
oould  not  be  employed  on  long  inclines  or  steep  gradients.'*  This 
objection  applies  to  every  description  of  automatic  brake. 

On  sommarising  the  Tables  L  II.  and  m.,  which  give  the 
fiulores  recorded  in  the  Board  of  Trade  Betnms  for  the  half  years 
ending  Jnne  1878,  December  1878,  and  June  1879  respeotiTely,  the 
writer  finds,  as  shown  in  columns  (6)  and  (12)  of  Table  IV.»  that 
the  total  number  of  instances  in  which  the  seyeral  automatie  brakes 
were  rendered  useless  through  failure  amounts  colleetiTely  to  88, 
for  a  recorded  mileage  (that  for  the  two  last  half-years  only  being 
returned)  of  2,900,485^  miles;  whilst  with  a  similar  mileage  of 
8,838,481  miles  the  non-automatic  brake  named  has  only  21  instances 
where  it  was  rendered  useless,  including  the  two  cases  of  broken 
couplings  notified  in  the  June  half  of  1879.  Thus,  assuming  that  the 
relative  mileage  in  the  first  half-year  was  the  same  as  in  the  other 
two,  the  absolute  failures  in  proportion  to  mileage,  with  the  automatio 
and  non-automatic  brakes,  are  about  as  eleven  to  one.  This  &ot 
appears  especially  adapted  to  indicate  the  relative  value  of  the  two 
descriptions  of  brakes,  looked  at  from  the  point  of  view  of  their 
forming  a  reliable  apparatus,  capable  of  working  a  train  with  safe^ 
throughout  a  journey. 

Next  to  this  comes  the  question  of  liability  to  mismanagement  on 
the  part  of  the  men  who  have  to  use  the  brakes,  and  also  of  those 
who  have  to  couple  and  uncouple  them.  Here  it  appears  from 
column  (3),  Table  lY.,  that  with  the  automatic  brakes  the  failures 
recorded  as  due  to  mismanagement  were  88,  and  with  the  non-automatio 
brake  27;  which,  taking  the  relative  mileage  into  account,  gives 
a  ratio  of  about  nine  to  one. 

Next  comes  the  question  of  reliability  as  a  train-stopper.  Here 
it  will  be  found  from  column  (10),  Table  lY.,  that  the  result,  for 
equal  mileage,  is  three  to  one  in  favour  of  the  non-«utomatic 
brake  :  the  total  number  of  cases  of  overrunning  stations  &c.  with 
the  Smith  brake  being  22,  and  with  the  automatic  brakes  27. 

Again,  if  the  total  recorded  failures  are  taken,  the  automatio 
brakes  will  be  found,  from  colunm  (11),  Table  lY.,  to  give  oolleotively 
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ai  eisei,  ttod  the  Smith  brake  264 :  giying  a  resnli,  for  equal 
mikige,  of  abomi  five  to  one.  This  shonld  be  a  guide  as  to  the 
ifflount  of  care  required  in  maintaining  the  two  dosoriptions  of  brake. 

We  have  next,  in  oolnmn  (7),  Table  lY.,  the  cases  where  antomatio 
Ini^es  apply  themselyes  and  stop  trains.  This  has  oconrred  as  many 
M  39  times ;  and  in  one  of  these  instances  the  train  was  pulled 
vp  ia  the  Blaenmoor  tunnel,  very  mudi  to  the  alarm  and  annoyance 
ofdiepMsengers. 

Next  comes,  in  oolumn  (8),  Table  I Y.,  the  record  of  cases  where 
(^-eoaplings  haye  been  broken  by  the  aotioQ  of  the  automatic 
Inkes.    Of  these  there  are  few. 

Then  comes,  in  oolumn  (9),  Table  IV.,  a  list  of  81  cases  where 
the  tntomatio  brakes  would  not  release  when  required,  until  some 
puticolar  part  or  defect  was  attended  to:  under  this  class  of 
objectionable  incidents  must  be  included  the  Wemyss  Bay  accident, 
when  thirteen  persons  were  more  or  less  injured. 

In  concluding  his  paper,  the  writer  has  only  to  call  attention  to 
the  eeyend  tabular  lists  given,  and  the  comparisons  to  be  drawn  from 
^11  These,  he  thinks,  furnish  very  strong  reasons  for  the  opinion 
Iteld  by  him,  that  there  is  not  as  yet  any  automatic  brake  at  work 
in  England,  sufficiently  reliable  to  justify  its  use  in  preference  to 
^0  best  descriptions  of  non-automatic  brakes.  For  example,  as  the 
^<^  of  Trade  impress  upon  railway  companies  the  necessity  of 
^ping  pmictnal  time,  the  fiict  that  automatic  brakes  have  in  a 
^  nnmber  of  instances  delayed  trains,  through  failure  in  the 
iQtooiitic  arrangements  themselves,  forms  one  strong  objection  to 
^ir  use.  Again,  automatic  action  is  required  by  the  Board  of 
^nde  to  guard  against  damage  when  trains  part  asunder.  But 
^m&tic  action  has  itself  caused  fully  half  the  number  of  such 
accidents:  hence  it  seems  hardly  worth  while  to  use  an  appliance 
^liicb  doubles  the  number  of  these  rare  cases  of  breaking  loose. 

The  writer  has  not  noticed  the  Clark  chain-brake,  as  it  appears 
^  be  used  more  as  an  emergency  brake  than  otherwise.  He  has 
^  endeavoured  to  avoid  criticising  any  particular  brake,  having 
^J  the  desire  to  call  attention  to  what  appear  to  him  substantial 
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objections  to  all  the  automatic  brakes  which  haye  come  into  any 
like  extensive  use  upon  the  railways  of  this  ooontry ;  and  in  thi 
to  bring  on  a  thorough  discussion  as  to  the  desirability  of  adc 
automatic  brakes  in  general.  Such  a  discussion,  he  belieyes. 
deyelop  substantial  grounds  for  insisting  on  further  improy< 
and  experiment^  before  any  stringent  measure  in  this  directi 
enforced  upon  railway  companies.  It  appears  absolutely  necc 
that  any  automatic  brake  which  is  to  be  regarded  as  satisfa 
should  be  less  complicated  than  any  now  in  use ;  and  to  effecl 
improyement,  yet  further  thought  must  be  applied  to  the  pro 
and  yet  further  experience  acquired  to  achieye  its  solution. 
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DiscuMton. 

Hr.  B.  D.  SAin>EBS  obeeryed  that  the  appended  Tables  I.-IV. 
wtte  stated  to  giro  the  total  nnmber  of  failores  recorded  against  the 
following  automatic  brakes — the  Westinghoose,  the  Sanders  or 
Stnden  and  Bolitho,  and  the  Steel  Mclnnes :  and  the  author  added 
ip  aU  the  failures  shown  with  those  three  brakes,  and  compared  the 
joint  result  with  the  Smith  vacuum  brake.  He  did  not  think  that 
WM  hii  to  the  indiyidual  brakes ;  nor  was  it  quite  a  scientific  way 
of  opening  up  the  subject  of  automatic  action.  If  they  were  to 
diaeius  the  automatic  action  of  brakes,  or  the  necessity  for  it,  he 
thought  it  might  be  done  scientifically,  without  referring  to  any 
indindoal  brakes  at  alL 

In  the  Tables  a  great  number  of  failures  of  yarious  classes 

were  put  down,  but  it  appeared  to  him  that  the  most  important 

elm  of  all  was  left  out.     In  one  column  was  given  the  number 

of  times  each  brake  was  rendered  useless,  in  another  the  number 

of  times  each  brake  applied  itself,  and  so  on ;  but  there  was  nothing 

to  ihow  the  number  of  times  when  each  brake  would  not  apply 

ilKlf  when  wanted.      He  thought  this  was  the  most  important 

point  to  be  considered,  with  reference  to  automatic  action.     In 

ifMking  before  the  Institution,  he  had  always  enforced  the  necessity 

of  the  automatic  action  being  used  as  a  tell-tale  for  the  brake ;  but 

that  consideration  appeared  to  be  left  out  of  the  paper  altogether. 

He  did  not  find  from  any  of  the  Board  of  Trade  circulars  that  they 

inosied  on  automatic  action  so  much  for  the  purpose  of  preventing 

•eddents  by  a  train  breaking  in  two,  as  the  author  seemed  to  think. 

What  they  said  was  that  ''in  case  of  accident  the  brake  must  be 

iitttuitaneoualy  self-acting,"  which  was  a  very  different  thing;  but 

it  tiie  same  time  he  maintained  that  automatic  action  was  very  useful 

in  ease  of  a  train  breaking  in  two.     The  paper  had  given  one  or  two 

instnoesof  this,  but  had  left  out  some  that  were  within  his  knowledge. 

The  Wigan  accident  was  an  instance  in  which  the  engine  broke  away 

from  the  train:   the  driver,  finding  he  had  left  the  train  behind, 
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stopped  his  engine,  and  the  consequence  was  that  the  following  tndi 
ran  into  it.  Then  again  there  was  the  memorable  Shipton  accident 
If  there  had  been  an  automatic  brake  on  that  train,  so  that  thi 
guard  could  have  put  it  on  at  the  rear,  and  held  tight  the  couplingi 
of  the  carriage  which  was  running  off  the  road,  it  was  very  doubtfu 
whether  there  would  have  been  an  accident  at  all ;  for  it  was  provet 
afterwards  that  the  train  ran  for  some  considerable  distance,  after  th 
tyre  had  broken  off  the  wheel,  and  it  was  not  until  both  drivei 
reversed  their  engines,  and  so  put  a  block  in  front  of  the  trail 
that  the  accident  happened. 

Beverting  to  the  question  of  the  tell-tale  action  of  brakes,  h 
found,  on  referring  to  the  Board  of  Trade  returns,  that,  ¥rith  th 
brake  which  the  author  had  put  forward  as  so  superior  to  erer, 
other,  there  were  107  instances  where  the  pipes  had  been  undone 
or  whore  there  had  been  some  defect  in  the  brake,  of  which  th 
driver  could  not  possibly  have  had  any  knowledge ;  and  taking  th 
various  non-automatic  brakes  together,  there  were  128  instance 
roconlod,  where  the  driver  was  thus  travelling  along  without  an 
knowledge  whateyer  of  the  state  of  his  brakes.  Any  one  of  thos 
instauoos  might  have  led  to  very  serious  consequences ;  therefore  h 
thought  they  should  have  been  put  forward  in  the  Tables. 

With  regard  to  the  great  number  of  oases  where  the  brake  wa 
rondonxi  useless,  it  was  necessary  to  point  out  that  in  his  ow 
particular  case  there  had  been  only  one  instance  where  the  brak 
had  rtvAisod  to  go  on  when  required  ;  therefore  it  was  hardly  fair  t 
o\uuU>um  that  brake  because,  when  classed  with  two  others^  the  joio 
ro«uU  lurntKl  out  bavllv. 

lu  \xi\U>r  t\^  pro^>  the  value  of  automatic  action  be  had  selects 
two  iuMaiHX\su  Ou  10th  February  1879,  a  train  left  St.  Pancrai 
t\iu>d  up  wilh  a  m^u^utomatic  brake ;  it  tzaTelled  all  right  nntU  it  g< 
K^  Mill  UilU  wher^  the  signals  wex«  agai&g^  the  driver.  He  attempte 
lo  ap^xly  hi;it  KraktNw  but  louud  he  could  not  get  it  on  at  alL  Th 
\>Mi^c^XKiBtc^  wks  thai  he  ran  thrvugh  the  statico  at  40  miles  an  honi 
V\^t1tt»al«l'l^  lh<^f«  mMi  u^^in^  in  the  rvW«  otherwise  there  would  hav 
\y>^rtt  an  aiM^idenk  A^sairu  a  Umiu  dtlt!^  with  his  own  brake,  whid 
>»a;^  Ml  a>&lv^tt^l;ic  bn^ke  on  the  icll*tak  pnadj^  kft  St  Pancras  oi 
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25th  NoTember  1878 ;  and  the  driver  immediately  after  observed  that 
tberewaB  no  yacnam  shown  on  the  gauge  in  front  of  him  on  tho 
eogioe,  and  therefore  that  there  was  some  defect  in  the  brake.  He 
kd  to  stop  at  Kentish  Town,  and,  knowing  that  the  brake  was  out  of 
Older,  he  worked  carefully  up  to  the  station,  and  stopped  with  the 
ttdinary  tender  brake  in  the  usual  way.  On  examining  the  train,  it 
WIS  fofoiid  that  the  valve  in  the  centre  van  had  been  left  open.  When 
tliiftwts  put  down,  the  train  worked  satisfactorily  all  the  way  to 
LiferpooL  Those  two  instances  were  quite  sufficient  to  show  the 
nloe  of  automatic  action  as  a  tell-tale.  In  one  case  the  driver  was 
trafelling  along  under  the  impression  that  the  brake  was  all  right, 
when  it  was  not ;  and  this  might  have  led  to  a  serious  accident.  In 
tbe  other  case  the  driver  saw  that  his  brake  was  out  of  order,  worked 
OMitkmsly  to  his  first  stopping  station,  found  out  the  defect,  put  it 
n^t,  and  went  on  as  usuaL 

On  page  102  the  paper  said, ''  On  the  other  hand  it  may  be  shown 
tiiit  every  automatic  brake  has  at  least  double  the  number  of  parts 
tkt  A  non-automatic  brake  has  ;  therefore  there  is  double  the  risk  of 
Uare,''&c«  Now  he  had  made  a  careful  comparison  between  the 
SoiiUi  Tacuum  brake  (which  was  the  one  the  author  referred  to) 
>nd  his  own,  taking  the  same  identical  carriages.  With  the  ordinary 
MHuitomatic  vacuum  brake  there  would  be  these  parts, — one  sack, 
two  lines  of  pipes,  two  branch  connections  at  the  ends  of  the  carriages, 
four  bose-pipes  and  fittings,  and  four  half  couplings  ;  in  all  thirteen 
principal  parts.  With  his  own  brake,  as  he  was  fitting  it  up  at  the 
preieiit  time,  there  was  one  cylinder  and  piston,  corresponding  with 
^  sack  on  the  other  carriage,  one  reservoir,  one  line  of  pipes,  two 
W-pipes  and  fittings,  and  two  half  couplings;  in  all  seven 
pincipal  parts,  or  about  one-half  tho  number  in  the  non-automatic 
Ivike;  therefore  the  author's  statement  was  wholly  incorrect. 

On  page  103  he  found  the  remark : — *^  Where  trains  are  worked 
down  long  inclines,  none  of  the  existing  automatic  brakes  work  aa 
efficiently  as  the  non-automatic,  because  the  former  cannot  be  so 
^7  and  nicely  regulated  as  the  latter."  That  might  be  true  of 
**»  automatic  brakes,  but  not  of  his  own,  which  could  be  regulated 
^  u  great  nioetj  as  the  non-automatic  vacuum  brake.    In  tho 

N  Si 
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latter  case  the  brake  was  applied  by  drawing  the  air  out  of  a  chan 
and,  in  proportion  to  the  air  drawn  out,  so  were  the  blocks  pre 
against  the  wheels.  In  the  former  case  the  brake  was  appliec 
letting  the  air  into  a  chamber,  and,  exactly  in  proportion  as  thf 
was  let  in,  so  was  the  pressure  put  upon  the  blocks.  The 
difference  was  that  the  former  went  on  very  rapidly,  and  the  I 
Tory  slowly  ;  but  that  was  scarcely  a  point  to  be  made  agi 
automatic  brakes. 

On  page  105  the  paper  stated :  "  We  have  next,  in  column 
Table  IV.,  the  cases  where  automatic  brakes  apply  themselves 
stop  trains.  This  has  occurred  as  many  as  39  times."  Upon  refei 
to  these  Tables  he  found  two  cases  of  his  own  brake  reoorded. 
admitted  that  the  brake  did  so  apply  itself  in  those  two  cases, 
one  case,  reference  to  the  Board  of  Trade  returns  would  show  tl 
connecting  pipe  between  two  carriages  came  undone,  and  stoppec 
train ;  but  when  the  guard  put  on  a  new  pipe,  the  train  went  awi 
usual.  In  the  other,  one  of  the  sacks  had  been  cut  half  way  thrc 
and  when  the  yacuum  got  rather  high  it  burst.  That  brake 
disconnected,  and  the  train  then  worked  as  usuaL  He  contended 
was  the  yery  thing  that  should  have  happened.  Far  better  to  sto] 
train  when  a  pipe  came  undone,  and  so  let  everybody  know  whal 
the  matter,  than  for  a  pipe  to  come  undone  without  giving  notice 
cause  the  train  to  run  through  a  station  at  40  miles  an  hour,  j 
Mill  Hill.  That  really  showed  the  value  of  automatic  action.  H< 
only  had  these  two  instances  where  his  own  brake  applied  i 
spontaneously,  so  to  speak ;  and  it  was  not  fair  to  say  that,  be( 
there  were  39  such  instances  recorded  in  the  Board  of  1 
returns,  therefore  automatic  action  was  of  no  use.  Here  were 
instances  which  clearly  showed  the  great  value  of  automatib  a 
in  preventing  accidents.  Another  occasion  where  automatic  & 
was  of  great  value  was  shown  by  a  case  which  occurred  at  Bee 
with  his  own  brake.  The  driver,  on  approaching  the  station,  atten 
to  apply  the  brake,  but  could  not  do  so :  the  valve  upon  the  eo 
had  got  out  of  order,  and  he  failed  to  get  the  brakes  on  at  alL 
guard  noticed,  by  the  gauge  in  his  van,  that  the  driver  was  not  pul 
the  brake  on,  and  was  going  to  run  through  the  station.    Ho  I 
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kn  own  fdTe,  and  put  it  on  for  him.  The  consequence  was  that  the 
tnin  WIS  palled  np  at  the  station  all  right.  If  that  had  heen  a  non- 
Mtomitio  brake,  no  one  conld  have  put  it  on  in  such  a  case,  and  the 
tain  would  haye  nm  through,  as  at  Mill  Hill,  and  another  accident 
night  have  been  caused. 

Agun,  the  paper  quoted,  as  another  point  against  automatic 
hnlkm,  the  waj  in  which  they  ''  crept  on."  All  he  could  say  was 
thit  he  had  had  no  instance  of  that  with  his  own  brake ;  in  fact 
it  wu  simply  impossible.  There  had  been  cases  where  the  blocks 
nbbed  against  the  wheels ;  .but  the  Board  of  Trade  returns  would 
ihow  that  in  all  those  cases  the  blocks  had  been  too  tightly  adjusted. 
The  author's  concluding  remark  was,  '*  It  appears  absolutely  necessary 
thit  any  automatic  brake  which  is  to  be  regarded  as  satisfactory, 
ihoold  be  less  complicated  than  any  now  in  use."  With  reference  to 
thit  temark,  he  had  already  shown  that  his  own  particular  brake  had 
Qolj  about  one  half  the  number  of  parts  that  there  were  in  the  non- 
Mtomatio  brake ;  and  therefore  this  conclusion  was  rather  misleading. 
Finally,  he  would  again  impress  upon  all  who  studied  the  safety  of 
the  pablio,  the  value  of  automatic  action  as  a  tell-tale ;  not  so  much 
to  proTide  against  the  train  breaking  in  two,  as  always  to  indicate 
the  working  condition  of  the  brakes ;  and  he  maintained  that  in  his 
own  particular  arrangement  this  was  most  effectually  carried  out. 
He  challenged  the  writer  of  the  paper  to  show  in  what  way  the  power 
of  hit  (Mr.  Sanders')  brake  could  be  reduced,  or  the  brake  become 
^A^BctiTe,  without  the  driver  and  guards  knowing  all  about  it ;  and 
^iirther  how,  in  any  non-automatic  brake,  a  driver  or  guard  was  to 
hu>w  when  a  pipe  was  undone,  or  the  brake  otherwise  defective. 

Hr.  OioBOs  A.  GuTOH  wished  first  to  draw  attention  to  the 
9*>6ition  they  had  met  to  discuss,  which  was  this: — Is  automatic 
*^tio&  necessary  or  desirable  in  a  continuous  railway  brake  ?  That 
^  a  perfectly  natural  and  intelligible  enquiry  to  be  made  on  the 
pvt  of  any  gentleman  who  intended  to  fit  up  trains  with  continuous 
^''i^bi,  and  was  uncertain  as  to  the  principle  upon  which  they  should 
•et  But  Mr.  Biches  had  left  out  that  question  altogether  in  his 
F^i  and  had  ^never  attempted  to  discuss  it    He  had  chosen  instead 


lis  AT'TOMATTC    ACTION    IN    BRAKES.  Jan.  1 

to  take  certain  brakes,  and  compare  them  together  as  to  certain  clai 
of  failures.  That  was  not  the  right  way  to  treat  such  a  qaest 
At  page  100  the  author  proposed  to  *'  define  what  appear  to  him  t( 
the  essential  points  upon  which  to  base  the  opinion,  whether  or 
any  of  the  known  automatic  brakes  are  sufficiently  reliable  to  ju 
their  adoption  in  preference  to  non-automatic  brakes."  The  gra 
was  thus  changed ;  and  very  little  was  really  said  against  the  prine 
of  automatic  action.  Everything  was  made  to  refer  to  the  metl 
of  carrying  out  that  principle  in  practice,  which  were  very  diffen 
just  as  the  principle  of  non-automatic  action  might  be  carried  onJ 
some  persons  in  one  way,  and  in  quite  a  different  way  by  others, 
could  imagine  some  people,  for  instance  Mr.  Fay  and  Mr.  Nei 
not  being  satisfied  to  accept  the  brake  which  Mr.  Biches  had  aooe] 
as  a  standard  of  comparison.  Mr.  Biches  must  remember  that 
comparison  of  failures  would  cut  both  ways ;  for  Fay's  and  New 
brakes  had  no  failures  recorded  against  them  at  all.  It  was  true 
they  were  now  obsolete,  and  did  not  comply  with  the  conditions  oi 
Board  of  Trade,  but  still  they  were  very  fair  brakes  up  to  a  cei 
point :  neither  did  the  Smith  yacuum  brake  comply  with  the  oondit 
of  the  Board  of  Trade.  He  wished  to  point  out  therefore  it 
principle  should  not  be  condemned,  because  there  had  been  in  fl 
cases  a  failure  to  carry  it  out  successfully. 

Again,  on  page  101,  the  author  recommended  that  "  a  compai 
should  be  made  between  the  number  of  recorded  accidents  in  w 
automatic  action  has  either  prevented  or  mitigated  disaster,  or 
which  might  have  been  beneficially  affected  if  automatic  brakes 
been  fitted  to  the  trains,  and  the  number  of  accidents  and  fail 
which  are  recorded  as  caused  by  defects  in  parts  necessary  to  i 
the  brake  automatic.''  That  was  a  most  extraordinary  wa; 
arriving  at  a  conclusion.  For  if  an  accident  had  been  preventer 
was  not  recorded  at  all ;  failures  only  were  recorded,  not  sncoe 
Hence  there  were  no  figures  to  work  with.  According  to 
principle  the  better  a  brake  had  fulfilled  its  purpose,  by  preves 
accidents,  the  worse  the  comparison  that  could  be  made  abon 
A  railway,  for  instance,  might  keep  clear  of  accidents  altogethei 
a  year,  by  the  aid  of  a  good  automatic  brake ;  but  if  there  were 
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iiilarai  of  mAterial  daring  that  time,   the  paper  would   state    the 

eaae  is  fifty  failures  and  not  a  single  success.    A  better  comparison 

ooold  be  made  by  taking  the  number   of  failures   which   would 

iftct  the  efficiency  of  the  brakes,  when  wanted  to  be  called  into 

action.     With  non-automatic  brakes  such  failures  were  always  a 

loiiroe  of  danger,  because,  as  Mr.  Sanders  had  said,  there  was  no 

tell-tale;  while  an  automatic  brake  immediately  pointed  out  that 

noething  was  the  matter,  and  brought  the  train  to  a  stand.     That 

be  considered  to  be  an  enormous  advantage,  and  so  apparently  did 

Mr.  Riches  himself;  for  on  page  100,  when  making  a  comparison 

between  the  ideal  and  the  actual  automatic  brake,  he  said : — '*  The 

fomer,  as  all  know,  should  anything  go  wrong  with  any  of  its  many 

titd  parts,  indicates  the  fact  with  certainty,  or  else  at  once  applies 

itielf  to  the  wheels :  whilst  the  latter  has  a  very  heavy  list  recorded 

tgiinst  it  of  failures  to  fulfil  either  of  these  desirable  objects."  ~  On 

the  other  hand,  in  the  Tables  at  the  end  of  the  paper,  the  number  of 

cues  in  which  this  "  desirable  object "  was  fulfilled,  were  ranked  as 

•*«ulm«." 

With  regard  to  the  author's  remark  on  page  105  that  "  automatic 
iction  is  required  by  the  Board  of  Trade  to  guard  against  damage 
when  trains  part  asunder,"  the  words  used  by  the  Board  of  Trade 
KtUy  were,  **  In  case  of  accident,  to  be  instantaneously  self-acting ;  '* 
tberefore  they  referred  to  failures  or  accidents  to  the  brake  itself,  as 
^  u  to  the  train*  Similarly,  in  the  questions  to  be  answered  by  the 
iulw»y  companies  he  found,  '*  whether  self-acting."  Nothing  was  said 
aboat  the  train  parting ;  and  Mr.  Biches  and  others  were  wrong  in 
belieTing,  that  the  only  reason  for  laying  down  that  condition  was  that 
^nuos  were  always  breaking  in  two.  There  was  evidently  a  wish  on  the 
pvt  of  the  Board  of  Trade  to  have  a  brake  which  would  act  as  a  tell- 
^Ot  tod  would  be  sure  to  go  on  in  case  of  failure  of  the  brake  itself. 
^y  accidents  happened  from  failures  of  tyres,  from  rails  or  wheels 
^'B^tiiig,  and  from  other  causes  of  derailment ;  and  these  could  only 
bo  provided  for  by  an  automatic  brake,  which  should  not  only  go  on, 
bot  stay  on,  so  that,  even  when  the  couplings  parted  or  the  engine 
^  tway,  the  rest  of  the  train  should  be  prevented  from  running 
intoit 
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The  breaking  in  two  of  a  train  oconrred  yery  seldom,  but  qnite  o: 
enough  to  be  provided  against,  even  in  ordinary  working.  Theaai 
bad  said  that  in  looking  through  the  Board  of  Trade  returns 
the  year  1878  he  could  only  find  three  cases.  But  railway  compa 
did  not  in  general  return  <ill  the  cases  of  breaking  of  coupli 
or  drawbars,  but  only  those  cases  from  which  accidents  resulted, 
which  the  Board  of  Trade  had  to  report  upon.  There  were  howi 
more  cases  actually  reported  than  those  mentioned  by  the  author, 
the  summary  of  accidents,  in  the  Board  of  Trade  return  for  187S 
found  16  cases  of  failures  of  couplings  reported,  causing  m 
to  7  passengers  and  2  railway  servants;  and  no  one  imagined 
this  was  the  total  of  broken  couplings  or  drawbars  in  that  one ; 
for  the  United  Kingdom.  For  instance,  the  experimental  vacn 
brake  train,  while  preparing  for  and  during  the  brake  trials  at  1 
in  October  1878,  broke  seven  drawbars  or  couplings,  fortuni 
with  no  serious  results.  Moreover  the  above  16  cases  did 
include  an  accident  at  Methley  Junction  near  Leeds,  on  the  Mid 
Eailway,  on  13th  December  1878,  when  a  collision  took  ] 
between  a  goods  train  and  the  up  Scotch  express.  The  latter 
thrown  off  the  line,  and  the  engine,  after  running  off  the  lini 
90  yards,  was  thrown  on  its  side  over  an  embankment ;  fortuni 
out  of  the  way  of  the  train,  upon  which  there  was  no  contin 
brake.  Neither  did  they  include  a  collision  on  the  Lancashire 
Yorkshire  Railway,  on  2nd  September  1878,  at  Kirkgate  sta 
Wakefield ;  which,  according  to  the  Glovemment  report,  '*  fumisl 
strong  argument  in  favour  of  the  general  adoption  of  autoK 
brakes."  The  Bickley  accident,  which  was  the  third  of  the  i 
instances  mentioned  by  the  author  as  the  only  cases  of  coupi 
parting  in  that  year,  was  also  shown  under  a  different  heading, 
was  not  included  in  the  16  cases  mentioned  above. 

But  the  most  curious  omission  on  the  part  of  the  author  was 
of  the  accident  on  the  Great  Northern  Bailway  of  Lreland,  on 
August  1878,  between  Skerries  and  Balbriggan.    There  a  cou] 
broke  on  the  limited  mail,  and  the  train,  which  was  fitted 
the  Smith  vacuum  brake,  ran  into  the  engine  and  tender,  idji 
five  persons.    Still  confining  himself  to  the  year  1878,  he  himself  1 
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of  Tirioos  other  cmos  where  couplings  or  drawbars  had  broken ;  bnt  as 
these  wore  not  recorded  officially,  he  would  refrain  from  specifying 
tbem. 

He  wished  to  recur  to  the  Bickley  accident,  because  the  paper 
tftatHj  commented  on  that,  calling  it  a  questionable  success. 
Now  the  GU)Temment  Inspector,  in  his  report  on  this  accident,  said, 
**  the  effisct  of  the  automatic  action  of  the  brakes,  coupled  with  the 
ntardiog  force  exercised  by  some  wheels  being  ofif  the  rails,  was,  it 
it  eetiinated,  to  reduce  the  speed  from  45  to  25  miles  per  hour,  when 
the  leading  brake-yan  struck  the  abutment  of  the  South  Eastern 
Bailway  bridge  in  running  a  distance  of  215  yards."  And  yet 
the  paper  implied  that  this  brake  could  not  have  been  of  more  use 
than  a  non-aatoinatic  brake  under  those  circumstances.  But  it 
nnut  be  admitted  that,  if  the  train  had  been  fitted  with  a  vacuum 
hnke,  and  the  vacuum  pipe  had  been  damaged  by  the  broken 
ixle,  as  the  Westinghouse  pipe  was  on  that  occasion,  the  brake  could 
■ever  have  been  applied  at  all;  and  even  if  there  had  been  an 
opportonity  of  putting  it  on  during  the  215  yards  actually  run, 
hefiore  the  train  struck  the  bridge  and  the  couplings  parted,  the 
hob  must  then  at  once  have  come  off  all  the  wheels:  and  with 
the  engine  and  tender  off  the  line,  and  the  rest  of  the  train  running 
CO,  that  might  have  been  a  very  serious  matter.  As  it  was,  it  was 
trM  that  tiie  broken  wheel  carried  away  the  brake  of  several  carriages 
n  it  passed  under  them ;  but  all  those  brakes  at  least  remained  on 
mtil  they  were  carried  away,  while  of  those  behind  them  some  were 
^NDid  hat  on  the  wheels  a  considerable  time  afterwards.  It  was 
>Bpo«ihle  to  assume  that  such  a  case  as  that  detracted  from  the 
^«e  of  the  brake.  No  brake  could  of  course  be  of  service,  after  it 
^  torn  from  the  carriage  by  a  broken  wheel ;  but  up  to  that  time 
^  hrake  did  excellent  service,  and  it  was  put  on  automatically  by 
tte  axle  breaking.  It  was  nearly  always  the  case,  when  an  axle 
^*^,  that  the  brake  apparatus  was  the  first  thing  to  be  damaged, 
b  lach  casee  the  driver  usually  stated  in  his  evidence,  *'  The  first 
^  I  knew  about  it  was  that  my  brake  was  on." 

He  should  like  to  know  from  Mr.  Biches  whether,  in  his  opinion, 
*vch  aeddenta  as  this  at  Bickley  were  to  be  provided  against  or  not ; 
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and  if  they  were,   whether  he    himself,  being  in  the   train 
expecting  such  an  accident  to  happen,  would  prefer  to  have  u 
him  a  brake  that  would  go  on  automatically  as  soon  as  a  cou] 
was  broken  or  brake-pipe  damaged,  and  would  then   stay  on 
whether  he  would  prefer  a   brake  that,  eyen   if  there  had 
an  opportunity  of  putting  it  on  at  first  (which  in  this  case  then 
not,  as  the  main  pipe  was  broken),  would  automatically  have  < 
ofif  as  soon  as  the  engine  jmrted  from  the  train,  as  it  did  on 
occasion.     What  sort  of  condition  ought  the  Board  of  Trade  U 
down,  in  order   to  meet  contingencies  of  that  nature,  if  not 
the  brake  must  be  self-acting  ?     He  should  like  to  hear  a  sugge 
on  that  point,  but  the  paper  had  avoided  it  altogether. 

The  great  cure  for  breakage  of  couplings,  according  to 
author,  was  that  the  couplings  should  be  strong  enough.  The  i 
to  that  was  that  they  were  not  strong  enough,  because  they  did  b 
as  already  shown ;  also  that  in  an  accident  a  power  could  be  brc 
to  bear  sufficient  to  break  any  size  of  coupling  or  draw-bar, 
that  no  strength  of  coupling  would  prevent  the  shackle  lifting  o 
hook,  as  it  sometimes  did. 

As  to  the  Tables,  the  method  of  comparison  adopted  in  the  ] 
was,  in  his  opinion,  most  faulty.  It  was  evident  to  any  one  whc 
studied  the  returns  of  the  Board  of  Trade,  and  observed  the  diffei 
in  the  returns  from  different  lines,  that  the  railway  companies  ha 
various  interpretations  upon  the  directions  of  the  Board  of  Trat 
to  what  information  they  were  to  supply.  Again,  it  was  unfa: 
compare  an  automatic  brake,  which  recorded  its  own  failures, 
another  brake  which,  when  out  of  order,  failed  to  record  the 
He  objected  to  the  term  '* failures"  with  regard  to  instance 
which  automatic  brakes  put  themselves  on,  because  such  instc 
were  really  successes  of  the  principle  of  the  brake ;  they  were 
failures  of  the  material,  or  of  the  individuals  using  it.  It  ooul< 
be  called  the  failure  of  a  principle,  where  a  brake  in  failing  sto 
a  train,  and  warned  the  driver ;  nor  could  that  be  compared  wi 
case  where  there  was  a  failure  of  material,  and  the  train  was  all< 
to  run  on  without  its  being  known.  The  two  things  were  ent 
dissimilar.    To  blame  an  automatic  brake  for  going  on  when  a 


\ 
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aeeidentallj  bnrst,  was  just  as  reasonable  as  to  blame  an  automatic 
fignal  for  going  to  danger  when  the  wire  broke ;  or  to  blame  the 
block  sTstem,  because  some  mistaken  signalman  chose  to  let  two 
tnios  pass  into  the  same  section  together,  the  system  being  intended 
to  keep  them  apart. 

He  belieyed  the  author  was  quite  mistaken  in  saying,  as  he  did 
Boro  than  once,  that  a  great  many  automatic  brakes  had  been 
nodered  useless,  until  the  train  could  be  taken  to  the  repairing  shed. ' 
He  most  have  been  deceived  in  his  deductions,  because  he  could  only 
ktve  got  his  information  from  the  Board  of  Trade  returns,  and  by 
jodging  of  the  failures.  He  did  not  know  whether  Mr.  Eiches  had 
tried  my  other  brake  than  the  Smith  vacuum  brake :  certainly  he  had 
not  tried  the  Westinghouse  brake,  or  else  he  could  not  have  made 
thit  remark.  He  had  himself  made  a  comparison  between  the 
WettiD^ouse  automatic  brake  and  Smith  vacuum  brake,  and  had  found 
•Itogether  123  reports  against  the  Smith  brake,  and  233  against  the 
WestiDghouse  ;  but  there  was  a  very  different  tone  about  the  reports 
igiinst  the  two  brakes.  The  reports  on  the  Westinghouse  brake, 
k  noticed,  referred  mainly  to  trifling  delays  from  some  easily 
pnventible  cause,  eg,  ''Some  one  tampered  with  the  cocks" — 
'^Eogiiie  not  fitted  " — **  Shunter  opened  cock  in  guard's  van  " — 
"Gntrd  accidentally  opened  his  valve  with  sleeve  " — **  Copper  pipe 
tvoken" — ^''New  washer  wanted" — and  also  other  trifles  which  had 
nothing  to  do  with  the  individual  brake,  and  were  common  to  every 
lii^  In  the  reports  against  the  vacuum  brake  these  trifles 
*^^6d  to  be  generally  omitted,  and  the  failures  reported  consisted 
Vgely  of  couplings  coming  undone,  and  sacks  being  found  slit. 

Looking  at  the  results  all  round,  he  found  that  they  were 
^  much  against  the  vacuum  brake.  The  total  number  of 
^iires  in  the  half  year  ending  June  1879  was  123,  of  which 
79  (or  64  per  cent.)  were  really  dangerous  failures,  that  might  have 
P'odnoed  serious  consequences  by  materially  affecting  the  stopping 
povor  of  the  train  as  a  whole.  In  the  Westinghouse  brake,  on  the 
^bwy,  only  8  out  of  233,  or  3^  per  cent.,  could  in  any  sense  be 
^^Ued  dangerous  failures.  The  cases  in  which  the  train,  as  a  whole, 
^  pevented  from  using  the  brake  for  the  rest  of  the  journey,  were 
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BG,  or  29  per  oent.  of  the  total  number,  with  the  vacuum,  and  2 
only   10  per  cent^   with  the  Westinghouse    brake.      Taking 
half  year  ending  Dec.  1878,  the  reports  were  very  much  worse  fo 
vacuum  brake;  for  out  of  89  failures  85,  or  95  per  cent., 
dangerous  failures. 

However,  as  he  had  said,  it  was  not  clear  how  far  the  diffi 
companies  made  their  returns  on  the  same  basis.  Ther 
he  thought  it  was  better  to  take  a  single  railway  using 
brakes.  He  would  take  the  North  Eastern,  because  the  minute 
of  their  returns,  as  made  to  the  Board  of  Trade,  wac 
indication  of  the  care  exercised  by  the  authorities.  It  was  a] 
line  which  he  knew  pretty  well  himself,  and  could  speak  upon 
some  authority.  They  returned,  for  the  half  year  ending  June  1 
27  engines  and  tenders,  and  85  carriages,  fitted  with  the  va< 
brake,  or  89  sets  in  all;  and  15  engines,  18  tenders,  and 
carriages,  fitted  with  the  Westinghouse,  or  141  sets  in  all,  5( 
cent  above  the  vacuum.  The  vacuum  brake  ran  252,478  i 
almost  wholly  with  through  trains,  having  very  few  stoppages 
there  were  23  failures  reported :  16  of  these,  or  70  per  cent., 
dangerous  failures,  t.e.  cases  of  running  through  stations,  or 
which  would  have  had  that  effect  if  not  found  out,  such  as  sli 
sacks,  couplings  coming  apart,  and  so  on.  The  Westinghouse  1 
ran  168,809  miles,  almost  wholly  with  stopping  trains,  so  thi 
opportunities  of  declaring  itself  out  of  order,  or  of  runnin 
stations,  would  be  much  more  frequent  than  with  the  vacuum  b 
yet  only  6  failures  were  reported,  only  one  of  which  could 
interfered  with  the  stopping  power  of  the  train;  and  that 
caused  by  a  cock  being  left  closed.  As  those  cocks  were  now 
away  with,  that  could  not  happen  again.  Of  the  other  < 
4  occurred  in  nine  days,  with  a  new  train  just  started,  and 
due  no  doubt  to  having  new  work,  and  inexperienced  drivers.  £ 
if  there  were  nine  or  ten  trains,  running  altogether  168,iB09  ] 
and  if  two  of  them  had  only  six  mishaps  of  any  kind  in  six  mc 
while  the  remaining  seven  or  eight  had  not  a  single  misha 
maintained  this  showed  that  the  automatic  brake  could  be  w 
as  satisfactorily  as  any  other  piece  of  machinery.    With  r^ 
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.  tk  mikt  nm  per  ^edlore,  they  were  10,977  with  the  vacnnin,  and 
31,4^  with  the  Westinghoase  brake;  although  there  was  56  per 
eeoi  more  stock  fitted  with  the  latter  than  with  the  former. 

With  regard    to    the "  creeping    on,"   already  referred    to    by 

Mr.  Sanders^  that  term  was  very  much  more  applicable  to  the 

TwamQ  than  to  the  Westinghouse  brake.      The  Westinghouse  did 

Boi  let  by  creeping    on ;    it   could    indeed   be  made  to    go  on 

ntf  gently    by  the  manipulation    of   the  driver ;    for    the    late 

iaqmnrement  of   the  triple  yalye  enabled  it  to  be  put  on  with 

5, 10,  20,   30,  or  40  lbs.  pressure,    according  to  the  action    of 

tiie  driyer.      But  the  author  seemed  to  infer    that  in  the  cases 

k  bid  mentioned  the  brakes  crept  on.     In  reality  the  pipes  broke, 

ttd  the  brake  then  went  on  like  lightning,  and  pulled  up  the 

tnin.    Here  he  would  no  doubt  be  confronted  with  the  Wemyss  Bay 

CMB.   The  author  had  done  his  best  to  make  capital  out  of  that, 

pomting  out  that  there  were  some  people  injured  by  a  following 

tain  nmning  into  the  train  that  was  pulled  up.    It  was  true  there 

vcn  people  injured,  but  the  reason  was  that  the  following  train  was 

pvBiitted  to  enter  a  block  section  in  which  a  train  was  standing. 

How  what  had    that    to    do    with    automatic    action?      It    was 

naply  a  case   of   a  mistaken   signalman,  on  a   foggy   morning, 

lUowing  a  train  to  run  into  a  section  where  another  train  had  been 

hragkt  to  a  stand — a  thing  which  might  have  happened  through  a 

doiQQ  different  causes.    The  block  system  was  precisely  intended  to 

pQleet  a  train  from  another  following ;  but  the  latter  ought  also  to 

be  fitted  with  continuous  brakes.    That  was  not  so  in  the  case  in 

^oeitioii,  and  therefore  the  people  were  injured.     In  point  of  fjEict, 

k  fiulure  was  in  a  piece  of  the  machinery  which  the  Westinghouse 

^nke  Company  did  not  supply,  a  brass  nut,  which  affected  the 

P^ver  of  the  brake,  and  brought  the  train  to  a  stand.     The  inspector 

of  die  Board  of  Trade  enquired  into  the  matter,  and  his  report  said, 

'^Tbeaecident  was  therefore  clearly  due  to  carelessness  on  the  part 

of  tbe  signalman  in  Port  Glasgow  cabin,  who  disregarded  the  rules 

^  the  working  of  the  block  telegraph  instruments,  and  also  a  rule 

■peeiaUy  iisaed." 
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As  to  cases  of  blocks  being  found  tight  upon  wheels,  they  i 
from  the  brakes  not  having  been  taken  off  at  the  previous  stop 
from  their  creeping  on  one  after  another ;  they  went  on  all  togi 
if  at  all.  It  might  happen  however,  from  want  of  care  in 
handling  or  supervision,  that  one  or  two  of  the  brakes  might 
have  come  off  at  the  previous  stop ;  but  if  the  driver  wai 
experienced  man  that  never  happened.  His  proof  of  this  was 
on  very  many  lines  the  complaint  was  never  made  at  all.  On 
Great  Northern,  the  Lancashire  and  Yorkshire,  the  London 
South  Western,  the  London  Chatham  and  Dover,  the  North  Easl 
the  West  Lancashire,  the  Glasgow  and  South  Western,  the  Glsi 
and  Coatbridge,  and  the  North  British,  there  were  no  cases  a1 
mentioned  of  brakes  refusing  to  come  off,  or  creeping  on ;  and  \ 
might  be  done  on  one  line  might  be  done  on  all. 

The  paper  had  also  said  that  down  long  inclines  the  antoa 
brakes  did  not  wotk  as  efficiently  as  the  non-automatic  brake, 
own  experience  however  was  that  they  could  be  worked  qniti 
easily.  In  some  of  their  experiments  a  uniform  speed  of  27  n 
was  maintained  down  a  gradient  of  1  in  55  for  five  miles,  as  pn 
by  diagrams  that  were  taken  at  the  time.  The  paper  implied  tl 
vacuum  brake  was  admirable  for  going  down  inclines.  He  sb 
have  thought  himself  that,  if  a  brake  showing  79  seiions  &i] 

■ 

out  of  123  was  dangerous  at  all,  it  was  especially  dangerous  i 
going  down  an  incline.  But  there  was  also  such  a  thin| 
an  ascending  gradient;  and  in  the  Great  Western  returns  to 
Board  of  Trade,  this  explanation  was  given  with  regard  to 
working  of  the  Smith  brake  on  the  Monmouthshire  line — **] 
of  the  passenger  trains  on  the  Monmouthshire  line  has  two  or  1 
vehicles  at  the  tail  end  fitted  with  Fay's  brake,  which  is  usee 
controlling  and  stopping  the  train  in  ascending  the  inclines ;  oi 
return  journey,  down  the  inclines.  Smith's  vacuum  brake  is 
throughout  the  train.  Smith's  brake  is  not  used  on  the  aseen 
journey  except  in  cases  of  emergency."  It  appeared  therefore 
the  vacuum  brake  was  not  thought  to  be  a  very  good  one 
ascending  inclines,  the  danger  of  a  break-away,  involved  by 
employment  of  that  brake,  being  too  great  to  be  risked. 
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The  paper  had  alluded  to  a  Eeport  by  M.  Mari^,  as   to  the 

diicolty  of  moderating  the  Westinghonse  brake  on  steep  gradients. 

fiat  M.  Mari^  had  not  himself  tried  it  on  inclines  at  the  time  he 

note  that  report;  he  had  since  seen  reason,  it  was  believed,  to 

cliioge  his  opinion.    Moreover,  that  quotation  should  not  have  been 

ttde  without  adding  the  sentence  that  followed  it,  which  was  as 

&U0W8: — ^The  vacuum  non-automatic  brake  is  dangerous  in  case  of 

irqitiire  of  couplings,  because  it  does  not  stop  the  detached  portion." 

And  sgaiii,  under  the  heading  of  *^  Euptures  of  Couplings,"  the 

Bqwrt  said,  "  In  cases  of  sudden  application  of  the  brake  the  shocks 

ve  bate  just  mentioned  often  cause  ruptures  of  couplings.    In  the 

Weituighouse,  which  is  automatic,  the  rear  portion  of  the  train  stops 

of  itself;  but  it  is  then  necessary  to  provide  against  the  new  danger, 

RsoUing  from  a  section  of  the  train  being  suddenly  stopped,  and 

noHdning  stationary  on  the  main  line.    As  for  the  vacuum  brake, 

ikieh  is  non-automatic,  the  severed  portions  continue  running,  which 

iraeois  seriouB  dangers  upon  inclines.*'    So  that  M.  Mari6  agreed 

tint  the  vacuum  was  not  a  fit  brake  for  inclines. 

Again,  the  same  Beport  also  said  on  the  subject  of  automatic 
Ktion : — **  It  appears  that,  in  general,  a  certain  importance  is  attached 
to  tbe  &ct  that,  in  case  of  derangement  of  the  apparatus  or  rupture 
<tf  a  eoupling,  the  brakes  apply  theniselves  on  each  vehicle  to  stop 
k  train,  or  sections  of  the  train.  This  condition  constitutes  what 
ii  eilled  '  automaticity.'  We  think  that  this  property,  limited  to 
pxwnger  trains,  would  be  useless  with  the  existing  brakes,  because 
nptoresof  couplings  do  not  occur  with  these  trains ;  but,  as  we  shall 
*tt  hereafter,  the  use  of  continuous  brakes  will  probably  cause  frequent 
'Qptnies  of  couplings,  and  for  that  reason  automaticity  seems  to  us 
^■^  necessary  by  that  kind  of  brake."  It  was  possible  that  the 
•Qthor  had  not  seen  M.  Maria's  complete  Beport,  as   some  very 

•  

UMomplete  and   incorrect  translations  of    that  Beport  had    been 
'^'CQlAted  in  this  country. 

He  was  prepared  to  give  a  large  number  of  instances,  compiled 
^  the  Board  of  Trade  returns,  as  to  the  value  of  automatic  action, 
■^ving  ibat  it  had  done  excellent  service  in  the  saving  of  life  and 
P^opert^^    In  fine,  be  did  not  see  why  anybody  should  object  to 
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automatic  brakes,  any  more  than  to  automatic  signals,  which  ve: 
used  upon  all  railways,  and  in  which,  when  a  wire  broke,  tl 
signal  went  to  danger.  There  was  a  great  similarity  between  tl 
block  system  of  signalling  and  automatic  brakes,  and  also  a  grei 
similarity  between  tbe  old  system  of  signalling  and  non-automat 
brakes;  and  the  same  arguments  which  had  established  the  bloc 
system  would,  he  believed,  establish  automatic  brakes  also. 

Sir  EbsNBT  Tyleb  had  great  pleasure  in  making  a  few  remarl 
on  this  Tcry  important  subject,  and  the  more  so  because  he  belieTi 
he  might  himself  be  held  responsible  to  some  extent  for  the  origin 
sin — if  such  it  were— of  automatic  action.  During  the  many  yea 
in  which  it  had  been  his  duty  to  enquire  into  railway  accidents,  1 
had  paid  special  attention  to  the  question  of  brakes;  and  as  tl 
different  continuous  brakes  were  invented,  he  had  examined  the 
and  made  experiments  with  them.  Various  gentlemen  came 
him  from  time  to  time  with  their  inventions:  amongst  othe 
Mr.  Clark,  whose  very  ingenious  chain  brake  was  still  mnnin 
he  believed,  on  the  London  and  North  Western  Bail  way.  Tl 
first  thing  he  said  to  Mr.  Clark,  many  years  ago,  was  that^ 
be  what  it  ought  to  be,  his  brake  should  not  work  in  sections,  b 
throughout  the  train,  and  should  be  automatic,  t.6.  that  it  should  ( 
on  of  itself  when  a  separation  occurred  in  the  train,  instead  of  goii 
off,  as  it  then  did,  in  the  event  of  the  chain  snapping.  Mr.  Clai 
had  contrived  arrangements  to  meet  this  requirement,  but  the  bra] 
was  still  at  work  on  the  London  and  North  Western,  as  an  emergent 
brake,  subject  to  this  serious  defect.  He  had  considered  the  automat 
principle  to  be  an  essential  element,  because  he  believed  ihat^ 
continuous  brakes  came  more  and  more  into  use,  trains  would  1 
run  at  a  greater  speed  up  to  stopping  places,  or  obstructionB, 
up  to  the  rear  of  other  trains ;  and  any  accident  that  happened,  if  t] 
brakes  failed  to  act,  or  were  out  of  order  when  needed,  won 
necessarily  be  more  severe  than  when  trains  were  without  continuo 
brakes.  Li  the  same  way,  when  the  vacuum  brake  was  first  broug! 
to  him,  he  told  Mr.  Smith  that  he  considered  it  very  ingenioi 
but  that  in  order  that  it  might  be  safe  for  general  use  it  ought  to  1 
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utooitio ;  uid  he  had  preYionslj  told  Mr.  Westinghonse  the  same 
tluDg.  He  had  stuck  to  that  principle  from  first  to  last ;  and  all 
liis  ezperienoe,  since  the  first  inyention  of  continuous  brakes,  had 
eooTinced  him  that  principle  was  right. 

The  paper  nnder  discussion  was  intended  to  prove  that  there 
was  no  necessity  for  automatic  action.  The  way  in  which  that  was 
lODght  to  be  proved  was  very  ingenious  ;  and  after  hearing  the  paper 
reid,  tnd  then  listening  to  what  Mr.  Sanders  had  said  very  properly 
in  reply,  he  began  to  think  that — if  there  were  so  many  failures,  as 
Mr.  Riches  sought  to  make  out,  in  automatic  brakes ;  and  also  so 
nny  fiulares,  as  Mr.  Sanders  had  pointed  out,  in  non-automatic 
Mob;  and  if,  as  he  himself  could  call  to  mind,  there  were  also 
I  great  many  failures  in  the  old-fashioned  hand-brakes,  in 
eooMqnence  of  the  stripping  of  the  brake-screw  or  otherwise — it 
wmild  be  easy,  following  the  same  line  of  argument,  to  write  a 
piper  to  prove  that  it  was  better  to  work  trains  without  any  brakes 
It  ilL  But  the  enquiries  in  the  paper,  as  to  accidents  of  a 
pirtiealar  class,  had  been  confined  to  the  year  1878.  Now  he 
■opposed  that  nobody  had  had  more  experience  than  himself  in 
looking  through  reports  of  accidents,  analysing  them,  and  tabulating 
^  general  results ;  and  he  knew  how  much  might  be  made  of 
ftem  in  one  way  or  another,  unless  they  were  looked  at  impartially, 
ttd  with  a  judicial  eye.  Now  it  was  not  wise  or  fair  in  a  matter  of 
tlttt  tort  to  be  guided  by  the  results  of  one  year  only,  even  if 
^KWd  resolts  were  accurately  ascertained ;  and  he  was  quite  sure 
tbtj  if  he  had  the  opportunity  of  taking  Mr.  Biches  carefully 
tlttoiigli  the  accidents  of  that  year,  one  by  one,  the  result  would  be 
nry  difiarant  from  what  had  been  stated  in  the  paper.  He  had  had 
iMQy  years'  experience  in  the  working  of  railways,  and  had  had 
oeei8Hm  to  go  into  those  matters  very  closely.  He  had  long 
*oee  taken  the  trouble  to  go  through  most  carefully,  for  his  own 
^^^fittmtion,  every  report  of  every  investigated  accident  during 
'^^  jears;  and  he  had  drawn  up  the  Table  of  results  given 
^^1  which  had  not  been  previously  published. 


180 


AUTOXATIO   AOTION  IN  BRAKES. 


Table  A 

.. — Akaltbis  of 

Train  Aooidents. 

OoHTiMuouB  Brakbb  bbquikkd. 

Total 
inveetl- 

Tear. 

nted 

Train 

Accidents. 

Under 

Under 

With 

Automatic 

Action. 

Remarka. 

control 
of 

control 
of 

ToUl. 

driyen. 

guards. 

102 

1870 

122 

85 

4 

13 

1871 

160 

102 

8 

12 

122 

1872 

238 

163 

15 

10(a) 

188 

(a)  InclndiDg  E 
G.E.B.,  1  killed  16 

(b)  iDcluding 

1873 

241 

147 

14 

18(b) 

179 

L.N.W.R.,    13    kil 

injured. 

1874 

168 

100 

14 

12(c) 

126 

(c)  Including 
G.W.R.,     84     kil] 
injured,* 

1875 

161 

92(e) 

11 

20(d) 

123 

(d)  Including  So 
N.B  R.,  3  killed,  25 

(e  Including  Bat! 

G.W.R.,  2  kiUed,  8 

1876 

144 

87 

9 

16(0 

112 

(f)  Includiog  Lo 
ton,  G.W.R.,  2  k 
injured. 

Total 

1234 

776 

75 
10-7 

101 

952 

Average 
of  7  years 

176 

110-9 

14-4 
8 

136 

Per  cent 

100 

63 

6 

77 

*  Tbiii  accident  also  showed  the  need  of  the  two  other  requirem< 

This  Table  showed,  for  inBtancc,  that  in  1870,  out  of  a 
122  accidents  which  were  investigated  by  the  Board  of  Ti 
accidents  proved  more  or  less  the  necessity  for  continnom 
Ho  had  gone  through  each  of  those  102  cases,  to  ascei 
relative  number  in  which  it  was  important  that  the  brake  a 
under  the  control  of  the  engine  driver,  or  of  the  guard, 
many  of  them  pointed  especially  to  the  necessity  for  a 
action ;  and  he  found  that  there  were  85  cases  of  the  first  k 
the  second,  and  13  of  the  third.  A  similar  analysis  was  i 
each  of  the  succeeding  years  to  1876,  and  an  average  was 
the  whole.  He  thought  this  Table  was  the  best  reply  1 
possibly  make  to  the  inference  in  the  paper,  that  in  •the  < 
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OB  vhich  Mr.  Biches  Lad  made  partial  enquiries,  Bometimes  from 
interested  or  prejudiced  sources,  there  were  certain  results  which 
ntber  showed  that  brakes  would  be  better  without  than  with 
tttonmtic  action. 

Now  the  necessity  for  automatic  action  arose  from  a  variety  of 
condderations.      There  was,  as  Mr.  Sanders  had  mentioned,   the 
"tell-tale"   consideration,  which  was  one  of   the  most  important. 
It  was  altogether  a  wrong  principle  to  employ  a  continuous  brake, 
tliich  might  at  any  time  be  out  of  order  without  the  knowledge  of 
tke  engine-driyer  or  the  guard,  and  which,  when  the  driver  wanted 
to  itop,  whilst  running  perhaps  at  full    speed,  or  in  a  case  of 
OMigency,  might  suddenly  fail  him,  and  only  then  show  him  that 
tlieie  was  no  stopping  power  left,  just  when  he  most  required  it.    It 
vu  desirable,  on  the  contrary,  if  continuous  brakes  were  to  be  used, 
ftat  the  guards  and  the  drivers,  who  had  to  work  them,  should  be 
FTOrided  with  the  means  of  at  once  detecting  when  they  were  out 
^  order,  and  be  enabled  to  adopt  the  necessary  precautions  for  the 
M&tj  of  the  train.     But  it  was  still  further  desirable  that  in  such 
Cttes  the  brake  itself  should  persistently  refuse  to  go  off  the  wheels, 
viitil  it  had  been  put  right  for  the  journey.     A  complaint  had  been 
iDsde  to  him  the  other  day  respecting  a  detention  of  ^  hour,  on  a 
liilwiy  where  the  Westinghouse  brake  was  employed.     The  train 
Us  aa  important  express,  and  great  complaint  was  made  on   the 
■vlject     When  he  looked  into  the  matter,  he  found  that  a  pipe 
W  burst,  and  the  brake  had  then  properly  put  itself  on ;  and  the 
ttea  in  charge,  not  being  as  experienced  as  they  might  have  been, 
od  not  knowing  how  to  manage  matters,  took  some  time  before  they 
ioQsd  out  how  to  correct  the  defect.    He  therefore  told  the  company 
that  this  was  a  good  illustration  of  the  very  best  point  about  the 
^if^]  if  the  train  had  proceeded  without  warning  when  the  brake 
^w  ont  of  order,  that  would  have  been  dangerous ;  but  the  brake 
W  insisted  on  refusing  to  go  off  until  it  was  set  in  order,  and  that 
^•*  quite  right.     That  was  the  true  principle  of  tell-tale  action 
'cfaied  to  by  Mr.  Sanders. 

The  experience    of  railway  working  furnished    many  terrible 
Aoddeati^  aiisixig  from  cases  where  one  part  of  a  train  had  become 

0  2 
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deUohed  from  the  other,  which  Mr.  Biches  had  ignored,  uid  di< 
seem  to  be  aware  of.  In  those  cases  the  safety  of  life  and 
depended  sometimes  upon  the  instantaneous  action  of  the  h 
Two  of  the  most  fatal  accidents  that  had  occnrred  in  this  ooi 
were  those  at  Helmshore,  on  the  East  Lancashire  Bailway,  ai 
Bound  Oak,  on  the  Oxford  Worcester  and  Wolverhampton  Bail 
Both  of  those  accidents  arose  from  the  fractures  of  coupling 
excursion  trains,  mounting  steep  gradients  and  stopping  at  stal 
In  each  of  these  cases,  which  were  similar  to  one  another,  ai 
train  started,  the  hinder  part  broke  away  and  ran  back  dowx 
incline,  and  there  was  an  enormous  loss  of  life.  Those  were 
which  above  all  required  automatic  action  in  a  brake. 

As  to  the  regular  working  of  automatic  brakes,  particularly 
of  Mr.  Westiughouse,  he  had  had  the  opportunity  of  mn 
backwards  and  forwards  with  it,  every  day  for  many  months,  bet 
London  and  Colchester ;  and  he  could  speak  from  experience, 
as  to  the  value  of  the  l»rake,  because  he  had  seen  a  collision  avc 
by  it,  and  also  as  to  its  working  without  any  interruption  or  diffio 
except  such  as  might  be  expected  from  the  best  piece  of  maohii 
He  had  often  thought  that,  if  locomotive  superintendents  hi 
record  the  number  of  failures  in  their  engines,  and  these 
similarly  reported  to  the  Board  of  Trade  and  laid  before  Parliai 
it  would  be  found  that  they  very  much  exceeded  in  numbei 
failures  of  brakes  in  the  course  of  the  year.  StUl  it  was  quite : 
that  attention  should  be  directed  to  the  failures  in  question, 
that  engineers  and  others  should  do  all  they  oould  to  pn 
their  occurrence.  What  had  been  said  however  on  the  que8ti< 
some  of  the  reported  failures  being  in  reality  successes 
exceedingly  important,  because  it  had  not  been  suffici< 
distinguished  in  the  Board  of  Trade  returns,  which  were  £u 
leading  to  danger,  and  which  were  successes,  as  tending  to  pn 
risk.  When  it  was  stated  that  a  certain  number  of  fidlnies 
occurred  in  a  certain  year,  it  ought  to  be  stated  which  of  these  i 
have  led  to  disaster,  and  which  were  really  successes,  as  showing 
the  brake  was  not  working  properly,  and  must  be  put  in  order  I 
the  train  was  allowed  to  proceed. 
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Kr.  B.  Puoi  Williams,  as  an  axmoas  and  disinteFesied  watcher 
^  the  problem  which  had  been  so  carefally  discossed,  Tentitred  to 
i^ggesi  that  it  was  impossible  to  answer  the  question  asked  in  the 
fiper  ham  the  data  that  had  been  given.    In  Table  lY.,  which  was 
inmiBiiy  of  the  preceding  Tables,  he  had  been  exceedingly  puzzled 
kv  to  get  at  the  prime  &ctor,  which  should  serre  as  a  guide  in 
•rrifing  at  the  percentage  of  accidents  recorded.    He  was  told  by 
the  Mithor  thai  it  woold  not  answer  to  sum  up  the  items  of  each 
kmootal  line  (omitting  only,  as  he  naturally  should  be  disposed  to 
do,  the  number  of  times  when  the  brake  applied  itself),  in  order  to 
get  the  number  given  as  *'  Total  recorded  failures ; "  but  that,  for 
Uiteiioei  a  case  which  appeared  under  the  heading  **  Faults  of  Men  " 
moolimm  (3)  might  also  appear  under  another  heading  in  column  (4). 
However  he  gathered  roundly,  taking  the  Westinghouse  brake,  that 
the  Dumber  of  times  the  brake  applied  itself  was  about  10  per  cent. 
of  tiie  total  number  of  fiedlures ;  which  was  about  the  percentage 
gma  by  Sir  Henry  Tyler  for  the  accidents  that  might  have  been 
inmted  by  the  use  of  an  automatic  brake.    Taking  the  Sanders 
\nkbf  the  number  of  fiulures  were  so  few  that,  when  reduced  to 
Ae  fism  of  a  percentage,  they  really  constituted  no  guide  at  all  as 
to  any  average  results.    Taking  the  Smith  vacuum  brake,  he  noticed 
fte  rather  striking  &ct,  that  the  ntmiber  of  times  when  trains 
9nxnii  the  station  formed  a  very  large  percentage  of  the  fedlures. 
Ho  loond  that  out  of  its  264  recorded  failures  as  many  as  22,  or 
B0I6  than  8  per  cent.,  arose  from  the  very  serious  and  grave  fault 
of  overrunning  stations.    In  the  case  of  the  Sanders  brake,  the  ratio 
111  18  much  as  11  per  cent. ;  but  in  the  case  of  the  Westinghouse 
^Kike  it  was  less  than  5  per  cent.      So  far  as  he  was  able  to 
indjie  cursorily  the  results  given  in  the  Tables,  he  saw  nothing, 
^  hii  own  part,  to  justify  him  in  coming  to  the  same  conclusion 
*  the  author,  viz.  that  the  automatic  system  was  not  deserving  of 
^  On  the  contrary,  in  his  own  experience  he  had  seen  accidents 
^oaSkt  to  those  that  had  been  mentioned — one  notably  with  a  train 
<i^tho  Buxton  and  New  Mills  line,  which  ran  back  and  broke  in  two 
"""Vhan,  by  ihe  simple  action  of  an  automatic  brake,  the  train 
voiU  have  been  arrested.    A  fall  consideration  of  the  great  dang^ 
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attending  this  class  of  accident  had  led  him  to  the  a 
engineers  mnst  apply  themselves  to  the  problem  of  n 
continuous  and  automatic* 

M.  Dayid  Bandebali  observed  that  some  of  the  raili 
in  France  were  disposed  to  accept  automatic  contriyai 
provided  they  were  specially  simple  and  reliable  in 
He  thought  the  principal  objection    to  automatic  ac 
France,  and  also  perhaps  on  some  lines  in  England  whei 
block  system  was    not  in  use,  was  precisely  the  ten 
automatic  brake  to  stop  a  train  in  the  middle  of  its  y 
something  went  wrong  with   the  fittings.      To  this  a 
managers  and  superintendents  of  the  lines  objected  t 
On  his  own  line,  the  Northern  of  France,  they  had 
finding  a  mode  by  which  the  passengers  would  have 
stopping  the  train ;  but  great  objection  was  made  to  the 
superintendent  of  the  line  and  the  traffic  manager,  an 
was  accordingly  placed  only  in  the  hands  of  the  guarc 
be  just  the  same,  should  the  brake  itself  stop  the  tra 
the  passenger*     He  thought  this  would  form  a  great 
the  present,  on  all  lines  where  the  block  system  was  n 
because  in  such  cases  a  train  stopping  in  the  middle  o 
was  a  source  of  serious  danger.     If  an  automatic  bri 
devised,  which  would  only  warn  the  driver  that  it  was  ( 
instead  of  stopping  the  train,  he  was  sure  there  would 
objection  to  automatic  action  than  there  was  now. 

Mr.  Alex.  MoDonnell  considered  there  was  a  grei 
said  in  favour  both  of  automatic  and  of  non-automatic  acti 
question  was,  he  thought,  whether  automatic  action,  as 
present,  was  not  being  purchased  at  too  great  a  cost,  a 
of  an  amount  of  complication  in  the  machinery  which  wf 
advantage,  on  account  of  the  number  of  accidents  that  ] 
He  thought  that  Mr.  Sanders  was  somewhat  unfair  in 
parts  of  his  brake.  He  himself  did  not  exactly  under 
piston  and  a  cylinder  could  make  up  one  thing :  it  0e< 
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fkj  vere  two  things,  and  that  by  counting  in  that  way  all  sorts 

ofngolts  might  be  arriyed  at.     Mr.  Sanders  commented  upon  a 

eise  it  Mill  Hill,  of  a  train  running  through  a  station  at  the  rate  of 

hhj  miles    an    hour,   because    the  brake  did  not  act  properly. 

Gflrtiinly  the  driver  must  have  been  very  slow  about  his  work,  if, 

from  the  time  he  found  the  brake  would  not  go  on,  he  did  not  put  his 

bod-buke  on,  and  retard  the  train  to  some  extent.    If  the  continuous 

bnb  became  useless,  the  driver  at  least  was  not  worse  off  than  if  he 

bid  no  continuous  brake  at  all,  and  depended  upon  his  hand-brake 

only.   He  thought  it  was  also  unfair  to  suggest  that  the  writer  of 

the  paper  was  comparing  one  favourite  brake  against  three.      If 

be  bid  compared  it  with  a  single  brake  picked  out  of  those  three,  he 

voold  have  been  taxed  with  unfairness  in  making  a  selection  of  one 

bid  brake,  while  the  others  were  exceedingly  good. 

Tbe  question  of  rating  the  value  of  a  brake  by  the  number  of  its 
^flnres  was  one  of  extreme  dif&culty.  He  dared  say  that  many 
ttgineers  in  the  same  position  as  himself  had  had  considerable 
diffieolty  in  deciding  exactly  what  constituted  a  failure,  and  whether 
ftej  ought  to  report  a  certain  case  to  the  Board  of  Trade  or  not. 
There  were  some  things  in  the  Tables  which  pointed  to  that  difficulty, 
liookiiig  at  Table  IIL,  for  the  half-year  ending  June  1879,  it  would 
be  found  that  the  London  and  Brighton  Company  had  reported  a 
fittlnie  with  the  Westinghouse  brake  for  every  2992  miles  run ;  but  on 
"Gfening  to  Table  IL,  it  would  be  foimd  that  in  the  half-year  ending 
I^eoember  1878  they  had  reported  no  failures  at  all.  He  took  it  for 
grmted  that  the  Brighton  Company  did  not  get  all  their  brakes  put 
on  in  the  six  months ;  and  there  surely  must  have  been  some  failures 
^  the  first  half-year,  when  there  was  such  a  vast  number  in  the 
'^oood.  The  discrepancy  must  therefore  have  arisen  from  some 
i^Uttonception  in  the  way  in  which  the  Brighton  Company  reported 
^^  accidents.  For  his  own  part  he  had  had,  in  one  or  two 
^^'^  very  considerable  difficulty  in  making  up  his  mind  as  to  whether 
^^cidents  should  be  reported  or  not.  If  a  brake  did  not  go  on,  it  did 
^  geoerally  cause  an  accident,  and  there  would  be  no  delay  at  the 
'^'^lon.  Again,  if  a  pin  came  out  of  a  brake  block,  it  was  no  accident, 
^  it  would  not  cause  a  delay  at  the  station ;  the  driver  simply  got 
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down  and  pnt  the  pin  back  again.  In  one  case  that  might  be  re 
as  a  fidliire,  and  in  another  case  it  might  not  be  reported  at  i 
that  there  was  a  great  deal  of  difficnlt  j  in  the  matter. 

With  respect  to  many  of  these  failures,  particnlarlj 
oonnected  with  the  brake  gearing,  he  believed  they  were  often  ' 
by  a  yery  rongh  use  of  the  brake  by  the  drivers.  Unforti 
rapid  stoppages  had  too  often  been  considered  the  one  an< 
test  of  the  exoellenoe  of  a  brake ;  and  therefore  enginemen  h 
into  the  habit  of  bringing  their  trains  to  a  stop  mnch  more  q 
than  was  needful.  He  found  that  a  train  having  all  the  ca: 
fitted  with  the  vacuum  brake,  and  running  at  40  miles  an 
could  be  stopped  in  less  than  the  distance  usually  required  foi 
brakes,  without  ever  using  more  than  three  inches  of  vacuu 
would  be  a  great  improvement  in  the  everyday  use  of  brakes, ' 
limit  to  the  power  to  be  used  for  ordinary  stoppages,  reservi 
full  power  for  emergencies.  He  had  not  any  practical  experii 
the  use  of  automatic  brakes ;  but  he  thought  the  vacuum  braki 
more  easily  be  applied  gently,  by  an  ordinary  driver,  than  any 
automatic  brakes. 

Mr.  Joseph  Tomlinson,  Jun.,  said  his  opinion  on  this  mati 
been  so  often  stated  that  he  had  very  little  further  to  add.  1 
been  present  at  many  brake  trials,  but  had  seen  nothing  yet  i 
him  to  alter  his  original  opinion,  that  a  simple  brake  of  a  pc 
kind,  in  the  hands  of  the  driver,  was  the  best  at  present 
obtained.  He  was  not  satisfied  that  any  of  the  present  aul 
brakes  were  to  be  trusted.  What  might  be  brought  out  in  the 
he  did  not  know.  He  was  quite  satisfied  with  the  brake  ! 
himself  adopted,  namely  the  Smith  vacuum  brake.  Between 
and  eight  million  stoppages  had  been  made  with  it  in  five 
half  years,  and  no  accident  had  occurred  by  its  fiulure. 
same  time  he  should  be  happ^  to  have  a  better,  if  he  could  gel 

Mr.  D.  M.  Yeomans  thought  the  time  had  come  when  o 
must  give  place  to  facts ;  and  on  that  ground  he  thought  Mr. 
had  the  best  of  it.    With  regard  to  the  Smith  vacuum  br 
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wodd  only  aaj  thftt,  whether  in  the  automatic  or  non-automatic 
ftio,  he  bolieyed  it  was  the  most  simple  and  reliable  arrangement 
WW  exiant  The  Board  of  Trade,  in  asking  for  railway  returns 
0W7  fix  months,  seemed  to  him  to  be  doing  a  very  wise  act. 
Wktoffir  stage  of  perfection  had  been  reached  at  the  present  time 
ia  nilway  working,  had  been  reached  through  experience ;  and  he 
tboo^  the  same  stage  of  perfection  would  be  arriyed  at  in  continuous 
bniui,  through  the  e^eriei&ce  of  the  railway  men  to  whom  the  question 
utbeleft. 

Kr.  GxoKiB  WxsrnrGHousa,  Juk.,  referring  to  the  Tables,  said 
k  VIS  quite  at  a  loss  to  understand  why  the  totals  added  up  in  one 
V17  vere  so  different  from  those  added  up  in  the  other  way.  Thus  in 
lUle  lY.  the  Sanders  brake  had  a  total  given  of  100  failures ;  but 
vbre  the  accidents  were  separated  in  various  ways,  the  total  came  up 
to  154  With  the  Smith  brake  264  failures  was  the  total  one  way, 
lad  307  the  other  way ;  while  in  the  case  of  the  Westinghouse  brake 
341  was  the  number  given  in  one  way,  whereas  the  total  the  other 
vij  Gune  to  549 :  showing  there  was  some  very  singular  way  of 
unoging  the  various  failures. 

He  would  ask  permission  to  give  the  opinion  of  Mr.  Stroudley, 
^  ike  London  and  'Brighton  Bailway,  who  was  not  able  to  be 
littsnt,  but  had  written  a  letter  on  the  subject.  In  this  he 
Murked: — 

^Previous  to  the  introduction  of  the  continuous  brake  on  this 
^  we  had  very  excellent  arrangements  of  steam-  and  hand-brakes, 
vluoh  would  pull  up  a  train  very  quickly  ;  but  the  want  of  automatic 
*c^  in  the  case  of  a  train  getting  off  the  line,  or  breaking  loose,  or 
^  any  other  cause,  had  such  weight  with  the  company  that  it  was 
^^^^^uumoiuly  agreed  on  the  part  of  all  the  ofi&cers  concerned  in  the 
voiUng  of  the  trains,  as  also  the  manager  and  directors,  that  the 
Westinghouse  automatic  air-brake  was  the  most  perfect  brake  that 
'^  jet  been  devised;  and  it  was  accordingly  adopted,  and  will  be 
*PpUed  to  the  whole  of  this  company's  stock.  We  have  now  about 
^W  locomotives  and  about  630  carriages  fitted,  and  we  are  pushing 
^  wodL  as  fiast  as  possible. 
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''Oar  difficulties  and  so-called  failures  have  really  not  I 
failures,  in  the  sense  of  the  inefficiency  of  the  brake  to  stop  the  tn 
but  haye  merely  been  slight  hindrances  to  the  traffic  by  reason 
trifling  defects,  principally  in  the  want  of  knowledge  on  the  ; 
of  the  staff  as  to  the  working  ;  and,  to  a  certain  extent,  in  som 
the  details  of  the  small  pipes,  which  we  have  discovered 
rectified.  There  has  also  been  some  considerable  trouble  with 
original  form  of  triple  valye  ;  this  however  has  also  been  cured  o 
defects,  and  we  have  no  trouble  with  the  new  kind,  which  have 
advantage  also  of  being  simpler  than  the  original  ones.  I  1 
only  one  instance  on  record,  and  that  of  a  pin  getting  lost  out  of 
brake  gear,  as  a  failure  of  the  brake  apparatus  itself,  during 
whole  of  the  time  it  has  been  at  work;  and  this  was  discovi 
before  the  train  had  started,  causing  a  delay  of  two  minutes  o 
Every  incident  that  occurs  to  the  brake  on  this  railway  is  c 
reported,  even  when  it  arises  only  from  the  guard  opening  the  ta; 
his  van,  out  of  curiosity  or  by  carelessness." 

Owing  to  the  very  great  differences  of  opinion  on  the  bi 
question,  he  thought  that  railway  officials  could  hardly  be  expo 
to  come  out  very  decidedly,  on  such  an  occasion  as  this,  in  favon 
any  particular  brake.  During  his  six  months'  absence  from 
coimtry  he  had  had  a  good  deal  to  do  with  the  brake  in  the  Ui 
States ;  and  there  was  hardly  a  company  using  a  non-automatic  b: 
that  was  not  now  negotiating  with  him  to  exchange  it  for 
automatic  brake,  although  the  cost  of  the  change  was  as  grea 
the  original  cost  of  applying  either  his  old  form  or  the  Smith  vac 
brake.  That  would  speak  for  the  value  of  the  principle  more  ' 
anything  else  he  could  then  say.  The  work  of  his  firm  on 
side,  in  introducing  automatic  brakes,  had  been  an  up-hill  flght : 
their  business  on  the  Continent  during  the  past  year  had  increase 
an  enormous  extent,  and  he  believed  the  reason  was  that  the  br 
were  automatic.  If  he  had  to  rely  upon  a  non-automatic  brake 
should  simply  drop  the  undertaking ;  because,  though  non-auton 
brakes  might  be  adopted  for  a  certain  period,  he  was  sure  they  w 
all  be  changed  eventually  into  automatic  brakes.  When  he  was 
introducing  his  non-automatic  brake  in  1872,  he  had  tried  to  argue 
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Sir  Henij  Tjler  that  if  the  couplings  were  made  strong  enough  they 

wovld  not  break ;  bnt  he  found  engineers  would  not  adopt  his  brake, 

simplj  because  of  the  liability  to  fail  without  warning,  and  because 

of  the  florioas  accidents  that  might  then  occur,  when  the  driver  was 

depoDding  upon  his  brake.    M.  Banderali  had  suggested  one  point 

vbicb  be  would  give  anything  to  accomplish :  namely  to  make  a 

inke  wbicb,  when  it  got  out  of  order,  would  make  the  fact  known 

without  patting  itself  on.     If  M.  Banderali  could  succeed  in  that,  ho 

ffooU  confer  on  the  railway  world  an  altogetlier  incalculable  benefit. 

Cipt.  Chablxs  FAiBHOLifE  askcd  leave  to  point  oat  an  error 
on  the  part  of  the  Board  of  Trade,  to  which  he  had  called  their 
itteotion,  namely  that  the  Heberlein  brake,  which  he  represented, 
hid  not  been  classed  in  the  First  Division  as  fulfilling  all  requirements, 
iod  tberefore  not  amongst  those  of  which  Mr.  Riches  had  taken  notice 
m  his  paper.  It  was  put  in  as  complying  only  in  part  with  the  Board 
<tf  Trade  requirements,  because  it  was  sectional ;  bat  he  had  pointed 
out  that  the  sections  were  for  convenience  only,  not  of  necessity,  and 
^  it  complied  in  reality  with  every  portion  of  the  requirements ;  as 
vu  stated  by  the  railway  using  it,  the  Maenclochog  line  in  South 
Vales,  where  it  had  been  working  regularly  for  three  years  over 
Sndients  of  1  in  27.  He  might  mention  that  the  Heberlein  brakes, 
«  BOW  being  largely  fitted  in  Germany,  were  exactly  on  the  opposite 
pnociple  to  that  of  the  English  friction  brakes.  Instead  of  the  driver 
P^g  a  rope  to  put  the  brakes  on,  he  now  took  the  brakes  off  by 
the  rope,  and  applied  them  by  slacking  it.  Consequently  the  brakes 
ui  their  normal  state  were  always  on ;  and  instead  of  telling  the 
^'iver,  when  he  was  going  forty  miles  an  hour,  that  something  was 
^'ong,  they  would  not  let  him  get  away  from  the  platform  unless 
*''6*ything  was  right.  Thus  the  brake  was  in  every  way  automatic, 
^'^fViBd  it  put  itself  on  unless  it  was  intentionally  kept  ofi^  and  because 
'^  applied  itself  the  moment  a  coupling  broke. 

Xr.  BioHES  in  reply  said  it  was  a  mistake  to  suppose  that  he 
^^^M  altogether  to  automatic  action.  He  did  not  object  to 
^^^^QBkitic  action  when  it  ooold  be  obtained  without  what  appeared 
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to  him  an  exceflsiye  loss  on  the  other  side,  through  additioi 
attachments  and  apparatus;  and  he  thought  the  last  paragia 
in  the  paper  sufficiently  showed  that  that  was  really  his  opinion. 

He  would  first  take  the  remarks  of  Mr.  Sanders,  who  had  objed 
to  the  failures  of  the  three  descriptions  of  automatic  brakes  bei 
added  up  together  for  comparison;  but  in  the  Tables  the  failu 
and  mileage  run  for  each  brake  were  given  separately,  which  i 
surely  sufficient  The  next  point  raised  by  Mr.  Sanders  was  ti 
the  paper  had  omitted  to  show  the  cases  in  which  the  brakes  fiaL 
to  act  when  required.  In  the  case  of  the  non-automatic  bra 
that  was  shown  by  the  nmnber  of  times  the  brake  was  rende: 
useless;  but  with  the  automatic  brakes  it  was  not  shown  so  fu 
For  with  the  non-automatic  brake,  the  period  during  which  it  i 
rendered  useless  rarely  exceeded  the  time  it  took  to  reach  the  n 
station,  since  a  leaky  joint  could  easily  be  made  good  against 
external  pressure  of  the  atmosphere,  which  was  all  that  was  need 
But  when  an  automatic  brake  was  rendered  useless,  especially  < 
working  by  pressure,  it  almost  invariably  remained  so  until  the  tr 
was  taken  to  the  repairing  shed.  Thus  every  stop  the  train  had 
make,  between  the  time  when  the  brake  was  rendered  inoperatiye  i 
the  time  of  reaching  the  repairing  shed,  was  in  reality  an  oocas 
on  which  the  brake  failed  to  work,  though  these  were  not  giveii 
the  Board  of  Trade  returns,  or  in  the  paper. 

He  fully  admitted  the  value  of  the  ^'tell-tale"  principle, 
contended  for  by  Mr.  Sanders ;  but  the  Board  of  Trade  circular  s 
the  brake  should  be  self-acting  in  case  of  acddenty  not  merely  in  c 
of  accident  to  the  brake  itself;  and  he  maintained  that,  withon 
separation  of  the  train,  this  automatic  action  could  not  come  i 
force,  except  in  cases  when  some  part  of  the  brake  itself  bees 
defective.  He  also  held  that  the  enormous  number  of  cases  in  wh 
automatic  brakes  had  become  defective  (of  which  some  had,  and  ac 
had  not,  been  indicated  automatically)  very  forcibly  pointed  out  t 
complicated  automatic  brakes  were  far  more  difficult  to  keep  in  rep 
and  consequently  far  more  likely  to  be  out  of  order,  than  the  Bim| 
non-automatic  arrangements.  Mr.  Sanders  had  quoted  the  Ship 
and  Wigan  accidents  as  additional  cases  of  trains  parting ;  but  b 
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Aon  aeeidentB  were  prior  to  the  date  from  which  he  had  started 
boiqiuxy;  and  his  reason  for  starting  in  1878  was  because  it 
ffu  the  first  year  that  the  Board  of  Trade  returns  gave  this  class 
of  iBfozmation,  and  hence,  as  it  appeared  to  him,  the  year  that 
fonld  gire  the  best  results  as  to  all  the  brakes. 

Kr.  Sanders  had  next  pointed  out  that  there  were  107  instances* 
of pipe-oouplings  being  undone  with  the  Smith  brake;  but  such 
t  defect  affected  the  e£Giciency  of  that  brake  to  a  yery  small 
oiait,  so  that  the  lack  of  intimation  to  the  driver  of  such 
defeeti  was  not  worth  consideration.  Mr.  Sanders  added  that,  **  any 
of  those  separations  of  couplings  might  haye  led  to  very  serious 
OQunqoenoes."  This  was  certainly  taking  a  most  extreme  yiew  of 
the  eise,  as  he  himself  had  known  the  dividing  of  pipe-couplings  to 
h^pen  on  trains  wooing  down  an  incline  of  1  in  40,  and  the  train 
to  be  pulled  up  with  perfect  ease  at  the  platform  at  the  immediate 
ioot  of  the  incline;  showing,  in  his  opinion,  that  such  fears  were 
tttbely  without  foundation. 

Kr.  Sanders  had  next  objected  to  his  own  brake  being  included 
viih  the  other  automatic  brakes,  because  it  was  only  rendered 
ttden  on  one  occasion;  here  again  he  might  point  out  that  each 
hake  was  shown  separately  in  the  Tables,  so  that  there  was  no  real 
ttoae  of  complaint.  As  to  the  case  at  Mill  Hill,  he  agreed  with 
Hr.  McDonnell  that  the  driver  must  have  been  to  blame.  The 
^tkiiX  signals  there  were  at  a  very  considerable  distance  from  the 
kxne,  end  if,  <m  passing  them  at  danger,  the  driver  had  applied  his 
^-brakes  and  whistled  for  the  train-brakes,  he  should  very  nearly, 
if  not  quite,  have  stopped  his  train  before  reaching  the  home  signals. 

Next  Mr.  Sanders  took  exception  to  the  statement  that  there 
^<D(e  double  the  number  of  parts  in  automatic  brakes  that  there 
^'^  in  the  Smith  brake ;  and  went  on  to  enumerate  thirteen  parts  for 
the  Smith  brake,  and  seven  only  for  his  own.  But  he  had  omitted 
to  eoont  the  fittings  of  his  own  brake  in  the  same  minute  way  as  he 
^i*Qited  the  Smith  brake.  The  following  was  the  ordinary  method 
^  eouting  parts  in  these  brakes:— for  the  Smith  brake,  one 
^^^Uipmg  nek,  two  lines  of  iron  pipes,  and  four  hose  with  couplings, 
*^'^  {arts  in  all ;  to  ihe  Sanders  brake,  two  cylinders,  two  pistons, 
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one  line  of  iron  pipe,  two  hose  with  couplings,  and,  in  addition  to 
ordinary  brake  gear  used  with  the  Smith  brake,  one  rocking  leyer, 
additional  connecting  link,  one  balance  weight,  one  connecting  ] 
between  the  two  cylinders,  and  one  check-valve  to  prevent  the  rel 
of  air  into  the  pnll-on  cylinder ;  or  twelve  parts  in  all.  Addec 
•  this  there  was  upon  each  engine  an  air  pump,  with  the  necea 
valves,  cocks,  and  attachments,  in  addition  to  the  ejector,  &c.,  w] 
last  was  common  to  the  Sanders  and  the  Smith  brake. 

With  regard  to  the  relative  merit  of  the  automatic  and  i 
automatic  brakes  for  working  down  inclines,  he  was  convinced  of 
accuracy  of  the  remarks  in  the  paper  under  this  head,  from  his  < 
careful  observations  upon  CDgines  working  trains  down  inclines,  li 
with  the  Smith  brake  and  with  two  of  the  automatic  brakes  nan 
He  had  noticed  that,  when  the  latter  were  in  perfect  order,  1 
worked  fairly  well;  but  on  trains  which  had  been  fitted  with 
brakes  for  some  considerable  time,  he  had  observed  that  the  poi 
which  should  be  maintained  to  keep  the  brake  on,  decreased  rapi 
through  leakage  during  the  operation.  To  recover  this  power, 
brake  had  temporarily  to  be  released,  which  would  be  seen  at  c 
to  be  a  most  objectionable  feature ;  for  of  course,  unless  the  hi 
brakes  could  be  used,  the  train  had  to  run  without  a  brake  dm 
the  time  that  this  process  of  recovery  was  going  on. 

He  would  now  turn  to  Mr.  Gutch,  who  had  appeared  to  dd 
the  Westinghouse  brake.  He  admitted  the  apparent  discrepa 
noticed  by  that  gentleman  between  the  title  and  the  contents  of 
paper.  He  had  noticed  it  himself,  and,  but  for  nnavoidi 
circumstances,  the  title  would  have  been  altered  as  follows : — On 
practical  value  of  Automatic  Action,  as  at  present  applied 
continuous  Bailway  Brakes :  which  would  have  removed 
objection.  As  he  had  throughout  maintained,  his  objection  was 
to  automatic  action,  but  to  the  complicated  automatic  brakes  noi 
use. 

Mr.  Gutch  had  next  suggested  that  the  comparison  of  £uli 
drawn  in  the  paper  would  cut  both  ways,  as  the  brakes  of  Mes 
Fay  and  Newall  had  no  failures  recorded  against  them  in  the  Boarc 
Trade    returns;    but  his  reply   was   that  those  brakes  were 


JiSAm  ATTTOMATIO  ACTION  IN  BRAKES.  143 

raJIj  eontmiioiiB,  bat  merely  sectional,  and  that  they  did  not  fulfil 
ibe  Board  of  Trade  requirements  at  all.  In  addition,  as  stated 
in  the  early  part  of  the  paper,  he  had  only  taken  the  Smith  brake 
miepreflentatlTe  of  the  non-automatic  side  of  the  question. 

Next  Mr.  Gutch  had  objected  to  the  suggestion  No.  I.,  on  page  101  of 
ibe  paper,  as  to  comparing  the  number  of  accidents  in  which  automatic 
letion  had  either  prevented  or  mitigated  disaster,  and  the  nxmiber  of 
•eeidents  caused  by  defects  in  automatic  attachments ;  and  said  that 
if  i&  accident  had  been  prevented  it  was  not  recorded  at  all.  But  if 
lb,  Gntch  had  carefully  read  the  paper,  it  would  have  shown  him 
ikt  the  instances  where  automatic  action  had  had  an  opportunity  of 
ibowing  its  merits  were  enumerated,  and  also  those  where  it  was 
pooible  for  benefit  to  have  arisen  from  its  presence  ;  and  as  to  there 
being  no  report  of  instances  where  automatic  action  had  prevented 
•oddent,  he  would  ask  in  what  instances  an  automatic  brake  could 
pnrent  a  collision,  while  a  non-automatic  brake  could  not, 
oeepting  of  course  when  a  train  became  separated;  and  under 
wbit  circumstances  such  an  accident  as  a  train  becoming  separated 
wu  not  reported  to  the  Board  of  Trade.  This  point  should  be 
dnrlj  understood,  for  Mr.  Gutch  seemed  to  imply  that  an  automatic 
bnke  could  do  more  than  a  non-automatic  brake.  This  was  not 
n,  with  the  one  exception  of  the  separation  of  trains ;  and  all  such 
Kpatations  should  be  reported  to  the  Board  of  Trade.  Of  course 
the  non-report  of  instances  where  collisions  had  been  avoided 
tflncted  all  brakes  without  distinction. 

Next  Mr.  Gutch  had  argued  that  the  bettor  a  brake  had  fulfilled 
ite  duty,  and  prevented  accidents,  the  worse  the  comparison  that 
^<^  be  made  about  it.  That  was  an  extraordinary  view  of  the 
question,  for  it  would  be  seen  that  the  number  of  failures  formed 
^  whole  basis  of  the  comparisons  in  the  paper ;  hence,  when  a 
bnke  ran  without  failure,  it  must  show  to  advantage  as  compared 
^&  others,  and  not  the  reverse.  Mr.  Gutch  proceeded  to  say  that, 
^  tid  of  an  automatic  brake,  a  railway  might  be  kept  clear  of 
•rodent  for  a  whole  year,  and  yet  if  there  were  fifty  failures  of 
^*^  "mtffrifti  the  paper  would  argue  that  the  brake  had  not 
^'iMeeded.     But  the  paper  did  not  pretend  to  set  up  a  standard 
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of  excellence,  but  only  to  compare  impartiallj  the  working  cti 
di£ferent  brakes.  For  instance,  if  two-  railways  were  taken,  eicta 
using  a  different  kind  of  continuous  brake,  and  if  each  brake  hti 
run  an  equal  number  of  miles  without  collision,  but  in  doing  so  om 
had  a  greater  number  of  failures  in  material  than  the  other,  then  he 
should  certainly  argue  that  the  brake  which  had  the  excess  of  fiulnret 
was  the  loss  reliable  and  the  worse  of  the  two. 

In  reference  to  Mr.  Gutch's  remarks  on  the  Board  of  Tradi 
requirements  as  to  automatic  action,  he  would  ask  whether  Mr 
Gutch  believed  that  the  Board  of  Trade,  in  making  thosi 
requirements,  contemplated  that  a  passenger  train  should  1m 
peremptorily  "  pulled  up  "  directly  the  most  minute  defiact  showec 
itself  in  any  of  the  details  of  a  brake;  and  should  thus  causi 
detention  in  tunnels  or  other  objectionable  places.  Did  it  no 
rather  appear  that  the  intention  of  the  Board  of  Trade  was  thai  tb 
brake  should  hold  both  parts  of  a  separated  train,  and,  at  most 
should  indicate  when  any  serious  defect  occurred  in  the  fittings' 
Mr.  Gutch  pointed  out  that  many  accidents  happened  throogl 
fractured  tyres  &c.,  and  expressed  his  belief  that  the  only  safeguan 
must  necessarily  be  an  automatic  brake.  But  would  he  attemp 
to  say  that  no  non-automatic  brake  could  be  of  equal  service  in  sod 
instances,  in  which  it  very  frequently  happened  that  severanoe  o 
the  train  did  not  occur,  or,  if  it  did,  almost  invariably  not  unti 
the  main  damage  was  done  ?  And  the  accidents  quoted  in  the  pape 
showed  that  under  certain  circumstances,  even  where  the  train  die 
separate,  automatic  action  was  practically  of  no  use. 

With  regard  to  cases  of  broken  couplings  not  mentioned  in  th< 
paper,  he  had  omitted  that  at  Methley  Junction,  because  the  exprea 
was  not  properly  a  passenger  train  at  all,  being  chiefly  composed  o 
mixed  trucks.  As  to  the  accident  on  the  Great  Northern  Bailwai 
of  Ireland,  he  had  not  been  able  to  obtain  sufficient  information  ti 
deal  with  it ;  and  the  Eirkgate  accident  was  stated  to  be  due  to  thi 
driver  running  at  an  excessive  speed.  With  regard  to  the  Bickleg 
accident,  the  experiments  with  the  Westinghouse  brake  on  the  Nortl 
Eastern  Bail  way,  in  July  1879,  showed  that  a  train  could  ,be  stopped 
from  a  speed  of  51  miles  an  hour  in  207  yardS|  and  from  27  miles  an 
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boor  in  68  yards.  On  those  data  the  train  at  Bickley  should  have 
been  reduced  from  45  to  25  miles  an  hour  in  about  140  yards,  and 
ibonld  haTo  stopped  altogether  in  abont  200  yards,  instead  of  having 
I  speed  of  25  miles  an  hour  after  running  215  yards.  Hence  he 
erald  not  accept  the  performance  of  the  brake  on  that  occasion  as 
tttisfiictory. 

Mr.  Gatch  next  endeayoured  to  show  that,  as  couplings  did  break, 
tbe  soggestionB  in  the  paper  as  to  stronger  couplings  were  fallacious. 
Now  the  list  of  defective  couplings  returned  by  the  Board  of 
Tnde  gave  only  the  number  quoted  in  the  paper,  and  referring  to 
"eoopliiigs  of  passenger  trains  "  ;  but  there  were  many  other  failures 
ft  couplings  with  goods  and  mineral  trains,  and  some  of  these  were 
the  primary  cause  of  accidents  to  passenger  trains ;  as  for  instance, 
iHieo,  on  an  incline,  a  portion  of  the  goods  train  ran  back  on  a 
PMBeoger  train  which  was  following.  There  it  would  be  seen  that 
10  brake,  continuous  or  otherwise,  upon  the  passenger  train,  could 
biTe  controlled  the  goods  train  ;  therefore  all  those  cases  could  only 
h  obriated  by  increased  strength  of  couplings.  And  as  to  Mr.  Gutch's 
mottk  that  in  an  accident  a  power  could  be  brought  to  bear  sufficient 
tebretk  any  coupling,  he  would  ask  for  a  definition  of  this  power. 
If  it  was  meant  that  when  carriages  fell  over  embankments  couplings 
*^d  be  broken,  he  would  admit  the  fact ;  but  would  automatic 
bikes  be  of  any  use,  if  severance  occurred  only  in  such  cases  ?  If 
it  wu  meant  that  the  brakes  would  themselves  cause  breakage  of 
flings,  he  should  reply  that  any  brake  capable  of  parting  a 
tninwuan  inefficient  brake.  With  regard  to  couplings  becoming 
^'^ked  in  passenger  trains,  that  defect  was  rapidly  disappearing 
^  lU  lines,  by  the  increased  use  of  the  lipped  coupling  hook. 

Kr.  Gutch  had  next  called  attention  to  the  differences  existing  in 
w6  returns  made  by  the  various  railway  companies  to  the  Board  of 
Ttade,  md  the  seemingly  different  interpretations  given  by  these 
"^^  lines  to  the  instructions.  But,  whilst  admitting  the  fact,  he 
^^  At  the  same  time  observe  that  it  cut  both  ways.  Different 
^nj%  gave  special  attention  to  different  brakes,  so  that  what  was 
^^^'^^  on  one  line  was  made  up  for  on  another ;  and  finally  the 
^^^'''^"nsons    were    brought    out   pretty    accurately.      Mr.    Gutch 
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considered  it  unfair  to  compare  an  automatic  brake  which  reocodefl 
its  own  failures  with  a  non-automatic  brake  which  did  not.  But  tha 
Tables  distinctly  enumerated  the  number  of  cases  in  which  each 
several  brake  was  found  defective,  whether  it  indicated  the  fact  itself 
or  not ;  if  there  were  cases  in  which  a  brake  was  out  of  order 
without  its  being  found  out  at  all,  he  did  not  see  how  those  were  to 
be  treated.  Mr.  Gutch  did  not  consider  however  that  the  word 
« failure"  should  be  applied  to  automatic  brakes,  in  cases  when 
they  showed  themselves  to  be  out  of  repair,  because  these  instancei 
*were  really  successes.  He  must  emphatically  contradict  tha 
statement,  for,  whenever  those  indications  of  defect  occurred,  a  failur 
of  some  part  of  the  brake  apparatus  must  have  taken  place.  Fo 
instance,  it  was  clearly  a  failure  when  a  train  was  delayed  twenty 
five  minutes  on  the  North  Eastern  Bailway,  by  the  Westinghous 
brake  persistently  going  on  three  times  when  not  required.  The  fu 
of  such  cases  being  indicated  was  of  course  an  advantage,  particularl 
with  brakes  whose  failures  were  frequent.  But  a  failure  mustli 
admitted  when  any  brake  did  that  which  it  was  not  then  required  1 
do ;  and  the  fact  of  the  failure  being  indicated  was  not  a  success  fc 
the  brake,  but  only  for  automatic  indication,  which  every  one  mm 
desire  to  see  carried  out  in  the  most  complete  but  simple  way  possibl 

Mr.  Gutch  had  asserted  that  the  paper  was  wrong  in  stating  tEi 
automatic  brakes  had  frequently  been  rendered  useless,  until  tl 
train  had  been  taken  to  shed ;  but  he  would  most  emphatically  rep» 
the  statement  in  the  paper,  as  he  had  been  informed  on  undeniab! 
authority  that  it  was  the  case  upon  more  than  one  railway.  H 
information  had  been  obtained,  not  only  from  the  Board  of  Trac 
returns,  but  also  from  railways  where  the  failures  had  occurred.  Wil 
regard  to  his  own  acquaintance  with  other  than  the  Smith  brake,  i 
doubt  that  was  the  brake  used  on  the  Taff  Yale  Bailway ;  but  be  hi 
closely  watched  the  workings  of  all  the  brakes  named  in  his  papc 
excepting  only  the  Steel  brake. 

As  to  Mr.  Gutch*s  remarks  upon  the  different  tone  about  t] 
failures  with  the  automatic  and  the  non-automatic  brakes,  it  w; 
true  that  with  the  former  class  there  were  failures  recorded,  in 
number  of  instances,  from  petty  defects  of  the  brake  apparatn 
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bot  those  small  matters  did  occur,  and  did  produce  failure,  whicli  in 
ids  opinion  should  not  be  the  case  with  a  thoroughly  good  brake  ;  for 
«  nxj  frequently  those  small  defects  would  entirely  disable  the 
tppuaios.  As  to  the  case  of  a  guard  misusing,  with  intent  or 
otberw^ise,  any  of  the  brake  attachments,  if  these  were  fewer,  and  also 
\m  complicated,  there  would  certainly  be  less  risk  of  such  mistakes 
occurring. 

ms  opinion  of  the  results  of  the  Tables  was  completely  opposed  to 

Kr.  6ntch*s ;  for  whereas  that  gentleman  considered  that  they  told 

igiiost  the  yacuum  brake,  he  held  that  they  were  strongly  in  favour  of 

it  And  as  to  the  relatiye  importance  of  the  failures,  he  could  say, 

ixm  his  own  knowledge  of  the  influence  of  such  failures  on  the  Smith 

Imke,  that  the  percentage  of  failures  which  would  constitute  danger 

o&  inclines  was  certainly  not  more  than  from  10  to  12  per  cent,  at 

tiieootdde,  instead  of  the  proportion  given  by  Mr.  Gutch.   Then  as  to 

tbe  percentage  of  cases  in  which  the  Westinghouse  and  Smith  brakes 

vere  rendered  uselefis,  he  would  point  out  that  the  comparison  of 

efficiency  should  not  be  based  upon  such  a  percentage ;  for  the  larger 

tbe  number  of  other  failures  recorded  against  a  brake,  the  smaller 

^  percentage  of  dangerous  failures  would  become.     Therefore  he 

Bttintuned  that  the  best  method  of  comparing  the  merits  of  brakes 

lis  to  estimate  them  upon  a  basis  of  mileage  run,  as  was  done  in  the 

ptper.     Xor  oonld  he  accept  Mr.  Gutch's  suggestion  to  take  the 

Karih  Eastern  alone,  for  obtaining  information  upon  the  working  of 

^  brakes;  because  more    than   one    pamphlet    advocating   the 

Veitmghouse  brake  had  appeared  from  that  quarter. 

Hr.  Gutch  had  next  objected  to  the  term  '*  creeping  on,"  as  applied 
^  ^  Westinghouse  brake.  He  could  only  refer  to  the  Board  of 
^6  tetozns,  which  distinctly  named  that  defect ;  but,  as  the  triple- 
^Te  had  been  since  improved  again,  he  hoped  it  had  now  become  less 
^plicated,  and  more  reliable  in  that  particular.  As  to  the  idea 
^  when  the  brakes  applied  themselves  it  was  caused  by  the  breaking 
^  pipei,  that  was  frequently  the  case,  and  then  the  brake  suddenly 
^eirt  on  and  pnlled  up  the  train ;  but  the  '*  creeping  on "  was  not 
ttiued  in  this  way,  but  by  minute  leakage,  which,  as  the  reports 
^  "gradually  puts  the  brakes  on,  and  finally  stops  the  train." 

p  2 
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As  to  the  Wexnyss  Bay  aocident,  no  doubt  the  BJgnalman'e 
was  the  primary  cause ;  but  if  the  brake  had  not  refused  to  re 
upon  the  leading  train,  that  train  would  have  been  out  of  the 
before  the  following  train  could  have  reached  it.  If,  as  Mr.  € 
said,  the  cause  of  brake-blocks  being  found  tight  upon  wheeh 
their  not  having  been  properly  taken  off  at  the  preyious  stop,  i 
it  be  held  that  a  brake  worked  satisfactorily,  which  was  capab 
taking  off  the  blocks  from  part  of  the  train  and  not  from  the  wl 
It  could  not  be  that  many  blocks  remained  on,  otherwise  the  en 
could  not,  without  extreme  effort,  start  the  train.  The  remark, 
when  the  Westinghouse  brake  was  applied,  it  went  on  OYeryyi 
at  once,  sounded  strangely  in  the  face  of  the  recorded  insta 
where  trains  had  been  broken  into  sections  by  the  action  of 
brake.  True,  Mr.  Gutch  sheltered  himself  by  saying  that  wai 
care  in  the  handling  or  superyision  of  the  brake  might  cant 
to  work  irregularly  throughout  the  train ;  but  did  not  this  admii 
support  his  own  view  that  these  automatic  brakes  were  i 
complicated  to  work,  and  hence  more  liable  to  mismanagement? 

Mr.  Gutch  had  spoken  of  his  experience  in  working 
Westinghouse  brake  upon  long  inclines;  but  he  then  went  oi 
mention  **  experiments,"  and  he  himself  had  strong  doubts  wh< 
the  ordinary  working  of  regular  trains  would  show  by  any  means 
desirable  results  as  experiments  specially  arranged.  As  to 
unsuitableness  of  the  Smith  brake  on  inclines,  he  could  only  say 
with  this  brake  a  regular  serrice  of  trains  had  been  working  up 
down  three  inclines  of  1  in  40,  and  one  whose  average  gradien 
nearly  six  miles  was  1  in  55 :  and  that  these  trains  had 
running,  in  some  instances,  twelve  or  fourteen  trips  per  daj 
between  two  and  three  years,  without  the  least  difficulty  or  mis 
using  the  brake  as  required,  both  on  the  up  and  down  jocu 
This,  he  thought,  must  be  received  as  a  practical  reply. 

He  would  now  turn  his  attention  to  Sir  Henry  Tyler's  rema 
the  first  of  which  was  that,  when  continuous  brakes  were  : 
generally  used,  trains  would  be  run  at  a  greater  speed  up  to  stop 
places  &c.,  and  then  any  accident  which  happened  would  be  ; 
serious  than  before :  but  surely  such  a  practice  would  neve 
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doftol  ipon  any  well-managed  line.  His  own  idea  had  always  been 
tkit  these  brakes  were  to  be  additional  safeguards,  and  not 
tmdteroiis  appliances  to  tempt  people  to  carelessness.  The 
nggn^fm  that  he  condemned  automatic  action  was  quite  undeserved, 
Milreftdy  shown.  With  regard  to  his  having  confined  his  statistics 
to  the  eighteen  months  commencing  January  1878,  he  would  point 
oit  thit  all  the  brakes  enumerated  had  uudergone  gradual 
inproremeni  erer  since  their  introduction  upon  English  railways; 
tod  therefore  this  limited  and  recent  period  (long  enough  to  give  a  fair 
idei  of  their  working)  should  properly  be  taken  to  obtain  the 
infonDttion  sought,  because  it  would  give  the  best  results  in  each 
one.  Looking  at  the  fact  that  continuous  brakes  had  so  largely 
ndaoed  the  number  of  accidents  to  passenger  trains,  it  seemed  of  little 
veto  go  btck  to  the  days  when  we  were  without  such  brakes;  especially 
u  Qoder  Sir  Henry  Tyler's  heading  of  "  Instances  where  automatic 
ietMm  was  needed,"  would  be  found  many  cases  where  the  accident 
mmld  have  been  altogether  avoided,  had  the  train  been  fitted  with  any 
of  tiie  now  known  continuous  brakes.  But  even  Sir  Henry  Tyler 
himself  could  only  show  (with  all  those  favourable  circumstances)  a 
totel  of  8  per  cent,  of  cases  requiring  automatic  action :  and  this 
mast  be  tdmitted,  when  all  things  were  considered,  to  be  a  very  small 
poportion*  The  other  objections  made  by  Sir  Henry  Tyler  were, 
■oie  or  less,  repetitions  of  those  made  by  previous  speakers. 

Mr.  Price  Williams  and  Mr.  Westinghouse  had  found  great 
^ifiealty  in  understanding  the  totalling  up  of  the  failures  in  the 
Tables.  He  might  explain  that  the  figures  given  in  column  (11) — 
"Totil  recorded  failures," — ^represented  the  number  of  individual 
where  the  brake  in  question  became  defective  from  any 
;  tnd  the  figures  given  in  columns  (3)  to  (10)  analysed  those 
^uhies  according  to  their  individual  headings.  This  produced  a 
httle  complication ;  for  instance,  if  a  porter,  by  mistake,  had  turned 
one  of  the  stopHMXsks  the  wrong  way  upon  a  carriage  fitted  with  a 
Westiikghouse  brake,  that  fault  of  the  man  would  be  entered  in 
eolmna  (8) ;  and  it  would  be  shown  also  in  column  (4),  because  that 
cock  iras  an  additional  attachment  necessary  to  make  the  brake 
tviomatie;  and,  if  this  additional  fitting  had  not  been  there,  the 


150  AUTOVATIO   AOTION  IN  BRAKES.  JjL 

mistake  ooald  not  have  been  made.  Bat  although  these  two  i 
were  made  in  columns- (3)  and  (4),  yet  the  case  would  only  be  a 
as  one  failure  in  the  "  Total  failure "  column.  As  to  Mr. 
Williams's  remarks  on  percentage  of  failures,  he  had  dealt  wit 
in  replying  to  Mr.  Gutch's  question  on  the  same  subject. 

In  conclusion  he  had  only  to  express  his  satisfaction 
discussion    which  his  paper  had  elicited,  and  also  to  thao 
President,  Council,  and  Members  of  the  Institution  for  the  kin 
in  which  they  had  welcomed  his  efforts. 

Mr.  BoBiNSON  said  that,  before  the  President  put  the  y 
thanks  to  the  meeting,  he  felt  it  was  only  due  to  Mr.  Biches  to 
out  that  the  welcome  which  the  Council  had  given  to  the  pa] 
Mr.  Westinghouse  on  the  one  hand  and  of  Mr.  Sanders  on  the 
without  any  paper  having  been  read  about  the  Smith  w 
brake,  had  apparently  led  some  persons  rather  to  imagine  that 
the  tendency  of  the  Institution  to  be  partisans  of  automatic  i 
as  represented  by  the  Westinghouse  and  Sanders  brakes.  The  C 
had  therefore  tried  to  get  some  one  to  read  a  paper  on  the 
yacuum  brake,  but  in  that  they  had  failed ;  and  it  was  only 
say  that  some  pressure  had  then  been  put  upon  Mr.  Biches  to 
before  them  the  paper,  which  he  had  just  read,  not  as  a  parti 
any  particular  brake,  but  as  a  disbeliever  in  automatic  actioi 
present  applied. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Biches  i 
paper.  He  thought  they  were  all  very  much  indebted  to  h 
the  trouble  he  had  taken  and  the  care  with  which  he  had  an 
the  returns.  It  could  very  easily  be  understood  why  rival  ini 
had  not  agreed  to  analyse  returns  exactly  in  the  same  mi 
but  he  believed  that  Mr.  Biches  had  done  it  perfectly  ho 
and  solely  with  a  view  to  promote  discussion. 

He  thought  he  was  only  expressing  the  feeling  of  the  meel 
saying  that  they  hoped  the  Board  of  Trade  would  analj 
so-called  failures  more  thoroughly  as  to  their  character;  i 
whether  in  fact  the  circumstances  that  occurred  were  in  fai 
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tbe  hnkes  or  against  them.  He  had  himself  hoped  to  hear  more  in 
n&rence  to  the  life  of  india-rubber,  exposed  so  much  to  the  air  as  it 
ffM  in  some  of  the  forms  of  brakes ;  and|  $B  to  whether  it  was  not 
limible  to  renew  it  from  time  to  time.  He  mnch  regretted  to  hear 
tbt  the  adoption  of  the  real  block-system  did  not  make  more  rapid 
progrwB  on  the  Continent ;  for  in  his  opinion  it  was  ondoubtedlj  the 
n^  sjBtem  for  preventing  accidents,  and  the  cost  of  a  few  extra 
BgDil  boxes  and  men  ought  not  to  prevent  its  adoption. 
The  vote  of  thanks  was  passed. 


The  Pbssidkmt  proposed  a  vote  of  thanks  to  the  Institution  of 
OiTil  Engineers  for  their  kindness  in  granting  their  rooms  for  the 
neeting^  which  was  carried  unanimously. 

The  Meeting  then  terminated. 
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permeated  by  small  cavities  or  bubbles.  It  descends  along 
axis  of  the  ingot  far  below  the  apex  of  the  cone,  and  formE 
places,  hollows  of  considerable  size.  Following  a  direction  rece 
radially  from  the  central  axis  of  the  casting,  the  porosity  diminif 
and  becomes,  at  last,  imperceptible  to  the  eye;  so  that  a  cei 
thickness  of  metal,  included  between  the  spongy  crust  and  the  po 
heart,  appears  to  be  sound  and  compact. 

Under  certain  circumstances,  to  which  further  allusion  wil 
made,  bubbles  are  not  formed,  or  at  any  rate  in  a  very  slight  dej 
only,  at  the  outer  surfaces  of  ingots  cast  in  metallic  moulds ; 
instead  a  strongly-marked  acicular,  or  needle-like,  structure  beco 
apparent,  as  illustrated  on  the  lower  side  of  Fig.  1. 

An  examination  of  the  fractured  surface  shows  that  the  acici 
layer  consists  of  a  conglomeration  of  irregular  prismoidal  hoc 
arranged  at  right  angles  to  the  sides  of  the  ingot,  as  shown 
size  in  Fig.   2.      The   cohesion    between    the    prismoids   is 
great,  so  that  ingots  having  this  structure  break  up  with  compazfl 
ease,   fracture   taking  place    along  the  facets  of  the  prisms 
presenting  a  dead  silvery  hue. 

Within  the  acicular  layer  comes  a  more  or  less  pronoui 
granular  structure,  composed  of  irregular  many-sided  grains 
shown  two-^thirds  full  size  in  Fig.  3,  having  a  dead  silvery  co 
very  similar  to  that  characterising  the  surfaces  of  the  prismi 
Within  this  layer  comes  the  compact  metal,  having  a  brilliant  i 
fracture ;  and  then  follows  the  porous  portion,  which  becomes  i 
open  as  the  core  of  the  casting  is  approached. 

Each  of  the  above-named  defects  requires  to  be  examined  in  \ 

The  imperfection,  the  origin  of  which  is  most  easily  explai 
is  the  funnel-shaped  cavity  in  the  upper  end  of  the  ingot,  causec 
the  setting  of  the  metal.  The  solidification,  hastened  by  the  co< 
influence  of  the  sides  of  the  mould,  necessarily  takes  place  in  li 
following  its  inner  surface.  According  as  the  layers  grow  ihi 
the  level  of  the  liquid  sinks,  because  the  volume  of  the  x 
decreases  and  gives  room  to  the  still  fluid  central  colmmi,  w! 
as  it  fsdlB,  also  constantly  diminishes  in  diameter  at  its  upper  sui 
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The  pheiunnenon  described  is  so  well  known  and    understood  by 
fbooden  that  it  is  unnecessary  to  dwell  further  upon  it 

The  hubbies  permeating  the  outer  surface  of  an  ingot  present 
one  of  the  most  important  defects  met  with  in  steel  castings,  and 
haT6  long  been  the  subject  of  enquiry  by  many  metallurgists. 
With  respect  to  the  origin  of  the  gases  occluded  in  fluid  steel,  it 
eumot  he  said  that  any  unanimity  of  opinion  exists  among  those 
who  haT6  inyestigated  the  matter.  Some,  for  example,  are  inclined 
toattrihate  the  presence  of  gases  simply  to  the  solution  of  the 
piodncts  of  combustion  of  the  furnace  in  the  fluid  steel,  during  the 
time  it  is  melting ;  others  hold  the  opinion  that  they  are  merely 
the  products  of  chemical  reaction,  taking  place  between  the  elements 
ooQstitating  the  fluid  steel,  and  the  substances  forming  the  linings  of 
the  fiimaces  and  of  the  ladles  used;  others  again  ascribe  the 
totttion  of  the  gases  to  the  reactions  which  take  place  between 
the  elements  composing  the  fluid  steel,  under  the  influence  of 
oxjgen  derived  from  the  products  of  combustion  or  from  the 
itmoephere. 

It  is  unnecessary  to  examine  critically  theso  conflicting  opinions : 
ttch  of  them  \&  based  on  factitious  data,  and  cannot  be  authoritatively 
proTed  erroneous.  It  should  however  be  added  that  each  of  the 
•hore-mentioned  causes  contributes,  together  with  the  rest,  in 
E^oenting  gases;  which  thus  appear  to  be  the  result  of  their 
oombiiied  and  simultaneous  operation. 

The  ordinary  view,  which  has  not  been  controverted,  is  that  the 
V^  bulk  of  the  gases  produced  is  composed  of  carbonic  oxide ;  * 
^  it  is  very  generally  allowed  that  the  period  at  which  the  largest 
^Qintity  of  gas  is  formed  is  at  the  point  of  transition  from  the  fluid 

*  Within  the  last  year  MUller  has  stated  (Berichte  der  deutschcn  chemischen 
^**^haft»  1879,  No.  1)  that  analyses  of  the  gases  from  the  pores  in  steel 
^•'tingg  hare  yielded  from  (K)  to  90  per  cent,  of  hydrogen,  the  remainder  of  the 
P^  iKing  nitrogen,  with  only  a  small  quantity  of  carbonio  oxide.  If  these  results 
^'^ooiiflniiQd  by  more  extended  observation,  they  will  open  an  entirely  new  field 
in  the  metallurgy  of  steel.  . 
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to  the  Bolid  state.  On  considering  this  phenomenon  more  closely,  it 
easy  to  seo  that  it  is  subject  to  the  laws  which  govern  the  soluti< 
of  gases  in  other  liquids.  In  fluid  steel,  as  well  as  in  t>ther  liquii 
saturated  with  gas,  the  greatest  evolution  takes  place  when  tl 
mass  is  agitated,  or  especially  when  the  liquid  is  poured  ita 
one  vessel  into  another.  Accordingly,  in  pouring  steel  from  ti 
Bessemer  converter  into  a  ladle,  or  from  the  ladle  into  tl 
mould,  violent  ebullition,  with  a  copious  evolution  of  gases,  tak 
place.  If  there  wore  no  risk  in  cooling  the  steel,  and  if  it  could  1 
protected  from  the  action  of  the  oxygen  in  the  air,  a  suooeasii 
of  pourings  would  be  sufficient  to  remove  the  whole  of  the  impriBCHU 
gases. 

Steel  cast  into  a  mould,  and  allowed  to  cool,  immediate 
commences  to  evolve  gas  in  the  form  of  very  minute  bubbles,  wbi 
adhere  to  the  first  particles  of  steel  solidified  against  the  nd 
of  the  mould.  In  consequence  of  the  property  possessed 
dissolved  gases,  of  escaping  into  space  or  into  bands  of  alret 
existing  bubbles,  the  bubbles  which  have  fixed  themselves  to  the  fi 
portions  of  solidified  steel  grow  rapidly  by  the  influx  of  gases  fr< 
the  metal  surrounding  them.  Inasmuch  as  the  thickness  of  1 
solidified  layer  is  always  increasing,  in  consequence  of  the  cooli 
influence  of  the  sides  of  the  mould,  the  augmentation  in  volume 
the  bubbles  must  occur  exclusively,  or  nearly  so,  in  a  direct 
perpendicular  to  the  sides.  In  this  way  the  form  of  a  bubble  n 
vary  in  accordance  with  the  varying  rate  at  which  the  bubble  grc 
in  volume,  compared  with  that  at  which  the  thickness  of  the  solid  la; 
increases.  If  the  bulk  of  the  bubble  increases  more  rapidly  than 
thickness  of  the  solid  layer  increases,  then  the  diameter  of 
bubble  becomes  greater  as  it  recedes  from  the  sides ;  and  it  aasni 
the  shape  of  a  cone  with  a  spherical  end,  the  larger  diameter  be 
turned  towards  the  centre  of  the  ingot  (Fig.  4,  Plato  8).  When  the  gai 
under  these  circumstances,  collect  too  rapidly,  the  enlarged  portion 
the  bubbles  grow  very  quickly,  and  ore  from  time  to  time  torn  off  t 
float  to  the  surface.  If  the  growth  of  the  bubbles  coincides  with 
rate  of  thickening  of  the  solidified  metal,  then  the  bubbles  beoc 
of  a   cylindrical  form  with  a  hemispherical  termination  (Fig. 
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FiBiIIj,  if  the  setting  of  the  steel  goes  on  more  quickly  than  the 
aoeomiilation  of  gas,  then  the  bubbles  gradually  taper  away  inwards 
to  t  point  (Fig.  6) ;  bubbles  of  this  last  character  however  are 
grtremely  rare. 

As  the  mould  fills,  the  pressure  of  the  fluid  column  on  the  lower 
lajen  of  steel  continually  increases,  and,  at  the  same  time,  the  facility 
^liih  which  the  gases  separate  from  the  metal  decreases ;  consequently 
the  farther  development  of  the  bubbles  in  the  lower  layers  is 
vreitod.  The  bubbles  become  sealed  in,  and  the  subsequently 
fonned  layers  solidify  free  from  bubbles,  unless  a  fresh  evolution 
tikeg  place  tram  an  accidental  reduction  of  pressure.  When  a  bubble 
becomes  thus  sealed  up,  a  contraction-cavity  is  formed  at  its  apex ; 
the  interior  of  this  cavity  is  lined  with  crystals,  to  which  particular 
•tteotion  will  be  directed  later  on. 

FhHu  the  foregoing  it  is  evident  that,  if  it  were  possible  to  arrest 
tite  formation  of  the  original  minute  bubbles,  which  afi&x  themselves 
to  those  particles  of  steel  which  first  set  on  the  sides  of  the  mould, 
the  lolidifying  surface  of  the  ingot  would  not  then  be  permeated  by 
the  erer-growing  bubble  cavities.  The  bubbles  that  would  form, 
hanng  no  attachment  to  the  sides,  would  float  up  readily  to  the  top, 
>od  leave  the  surface  of  the  casting  perfectly  solid. 

The  phenomenon  of  the  adhesion  of  particles  of  steel  to  the  walls 
<il  the  mould  is  analogous  to  the  wetting,  by  water,  of  the  sides 
of  a  YesseL  The  hotter  the  steel,  the  less  the  sides  of  the  mould 
Vtt wetted  as  the  metal  is  poured  in;  and  on  the  other  hand  the 
i^Mnie  refractory  and  impermeable  to  heat  are  the  materials  forming 
the  mould,  the  less  are  the  chances  of  their  sides  being  wetted,  and 
of  particles  of  solidified  steel  sticking  to  them.  From  these 
<^niiderations  it  may  be  concluded,  (1)  that  hot  steel,  which  will  not 
Wet  tlie  sides  of  a  metallic  mould,  will  yield  castings  free  from 
hohUes  in  their  outer  surfaces ;  and  (2)  that  steel  hot  enough  not  to 
^^t  the  sides  of  a  sand  mould,  while  cool  enough  to  wet  those  of 
*  i&etallic  mould,  will  give  sound  castings  in  the  former  case 
^  porous  castings  in  the  latter. 

Experience  quite  justifies  these  conclusions :  very  hot  steel  does 

« 

&^  a  sound  casting,  even  in  a  metallic  mould ;  and  does  so,  as  a 


'»"«1*1 


158  0A6T-8TESL  INOOTS. 

matter  of  course,  in  a  well  dried  and  warmed  sand  m 
exception  being  only  those  places  which  have  been  splashc 
metal  in  pouring ;  to  these  the  steel  has  in  fact  adhered, 
are  therefore  easily  wetted.  An  extremely  interesting  ei 
which  has  been  frequently  repeated,  namely  that  of 
moderately  hot  steel  into  a  mould  half  metallic  and  li 
with  sand,  always  gave  ingots  porous  on  the  side  in  contaci 
metallic  mould,  and  perfectly  sound  on  the  side  next  to  th€ 
lining.  Fig.  7,  Plate  8,  represents  an  actual  section  of  such 
reduced  to  one-eighth  its  natural  size. 

What  has  hitherto  been  said  as  to  bubbles  has  referei 
period  of  filling  the  mould  with  steel,  and  to  the  first  mom 
casting;  during  which  time  the  gases  can  easily  escape 
atmosphere,  partly  through  the  free  uncovered  upper  surfa 
metal,  and  partly  by  means  of  the  bubbles  which  float 
burst  there.  As  soon  as  the  upper  surface  begins  to  Ix 
by  a  solidified  layer,  the  free  escape  of  gases  becomes  more 
while  their  solubility  decreases*  in  consequence  of  the  lower! 
temperature  to  the  congealing  point ;  the  .gases  then  colL 
the  top  crust,  acquire  considerable  tension,  and  by  that  met 
the  further  formation  of  bubbles  even  in  the  highest  laye] 
ingot;  while  those  previously  formed  become  locked  u] 
solidified  outer  layers,  and  thus  further  evolution  of  gas  : 
completely  checked.  If  however  the  top  crust  happens  to 
then  the  collected  gases  burst  through  it,  and  the  j^artially 
in  the  form  of  a  foamy  mass,  breaks  through  with  them ;  the 
is  thus  suddenly  relieved,  and  a  fresh  evolution  of  gas  tak 
accompanied  by  the  formation  of  a  second  row  of  bubbles,  < 
the  upper  portions  of  the  casting. 

The  points  to  which  this  second  row  of  bubbles  becomes 
are  the  imperfectly  closed  contraction-cavities  of  the  first  r 


*  Although,  according  to  the  law  of  the  dissolution  of  permanen 
liquids,  their  solubility  increases  with  the  fall  of  temperature  of  1 
yet  this  law  only  holds  down  to  temperatures  more  or  less  f 
temperature  of  congelation,  and  does  not  therefore  apply 'to  the  ease  in 
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ajiuoM  the  existence  of  a  sharp  line  df  demarcation  between 
tbe  baocb  containing  the  first  and  the  second  line  of  bubbles,  as 
nj  be  teen  in  Fig.  8,  Plate  8,  where  the  right-hand  boundary  of 
tbe  ihtded  portion  is  that  between  the  liquid  and  the  solid  metal,  at 
tkfflooient  of  the  reduction  of  pressure  caused  by  the  rupture  of  tho 
^>p6r  erost  of  the  ingot.^  For  greater  distinctness  this  is  drawn  on 
in  enlirged  scale. 

But  notwithstanding  the  circumstances  which  have  just  been 
described,  the  evolution  of  gases,  even  beneath  an  imbroken  crust, 
doei  not  altogether  cease  until  the  solidification  of  the  very  last 
pirtieleB  of  steel  in  the  centre  of  the  ingot  has  taken  place.  The 
erne  of  this  persistent  evolution  is  the  reduction  of  the  pressure  in 
tiie  gases  collected  under  the  upper  crust,  partly  from  the  gradual 
eooUng  of  the  mass,  and  partly  l&om  the  increased  space  afforded 
bj  die  growth  in  volume  of  the  contraction-cavities.  These 
cneomstuieeB  explain  the  reason  why  the  upper  portions  of  steel 
QMtingB  are  permeated  by  so  many  bubble-shaped  cavities. 

These  defects  occur  even  in  compressed  steel.  Figs.  9, 10,  and  11, 
Flite  9,  which  represent  a  compressed  steel  ingot  21i^  in.  diameter, 
5ft.  Tin.  long,  and  weighing  8  tons,  illustrate  clearly  that  if  the 
pnamre  ceases  before  the  central  portions  of  the  castings  have  set, 
^  evohition  of  gases  commences  in  the  still  fluid  portions :  the 
KBMOQ  being  that  the  reduction  of  bulk  in  the  metal  causes  a  partial 
neanm,  tnd  so  draws  out  the  gases.  The  same  ^hing  occurs,  even 
*i^  prolonged  pressure,  if  this  is  not  sufficiently  intense,  in  which 
ttie  the  plunger  cannot  follow  the  shrinkage  of  the  steel,  but  is 
^'^^M,  in  its  motion  by  the  solidification  of  the  outer  portions  of 
tbe  dating.  The  ingot  represented  in  Plate  9  was  pressed  for 
^'^  quarters  of  an  hour ;  while  it  has  since  been  ascertained  that 
^  hour  and  a  qnarter  is  necessary  to  produce  sound  work. 

The  internal  surfaces  of  the  bubble-shaped  cavities  generally 
P^Qient  a  clean  silveiy  appearance.    But  as  the  side  bubbles  have 


la  Older  to  hasten  the  fonnation  of  an  upper  crust  on  the  ingots,  they  are 
^'^  eorered,  immediately  after  pouring,  by  a  oold  iron  plate,  or  have  water 
I*«n«doathcm. 
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their  origin  yery  close  to  the  outside  surface  of  the  ingot,  and  are  onl; 
divided  from  the  atmosphere  by  thin  diaphragms,  it  often  happens  ihm 
these  are  either  broken  or  rusted  through  during  the  cooling  of  tb* 
ingot ;  and,  communication  being  thus  made  between  the  cavities  aiu 
the  air,  the  sides  of  the  cavities  become  covered  with  scale,  or  assam* 
iridescent  colours,  according  as  the  air  has  more  or  less  freedom  o 
access.  The  upper  funnel-shaped  contraction-cavity  has  also  ai 
oxidised  surface,  because  the  rupture  of  the  crust  covering  it,  befon 
it  finaUy  sets,  allows  the  access  of  air  to  its  interior. 

The  next  point  for  consideration  is  the  setting  of  the  interio 
liquid  steel,  and  the  growth  of  the  solid  layers  from  the  extemi 
surface  to  the  centre  of  the  ingot 

On  examining  the  sides  of  the  contraction-cavities,  it  will  l 
noticed  that  they  are  covered  by  minute  crystalline  growths,  forme 
by  the  piling  up  on  one  another  of  steel  crystals.  The  aocumulatio 
of  such  growths  in  the  funnel-shaped  contraction-cavity,  an 
especially  at  its  lower  end,  forms  a  porous  mass  in  which  considerabl 
cavities  frequently  occur.  The  general  appearance  of  the  lowc 
part  of  the  funnel  is  illustrated  full  size  in  Fig.  12,  Plate  8 ;  an 
Fig.  13,  Plate  10,  represents  a  group  of  crystals  taken  from  th 
central  contraction-cavity  of  a  steel  ingot,  47  in.  diameter,  an 
weighing  27  tons,  at  a  point  about  one-fourth  of  its  length  below  tfa 
upper  end.    This  is  drawn  four  times  the  natural  size. 

On  examining  the  separate  crystals  under  a  microscope,  it  become 
apparent  that  they  are  of  the  skeleton  or  discontinuous  type,  wit 
the  larger  development  of  branches  in  the  direction  of  the  octahedn 
axes.  The  growth  takes  place  in  such  a  manner  that  the  inoreac 
in  the  direction  of  one  of  the  principal  axes  of  the  crystal  is  alwaj 
more  rapid  than  in  those  of  the  other  two  axes,  so  that  eac 
discontinuous  crystal  presents  the  appearance  of  the  skeleton  of  a 
elongated  rectangular  octahedron.  Besides  the  growths  in  the  directio 
of  the  octahedral  axes,  which  may  be  called  growths  of  the  first  orde: 
branches  of  the  second,  third,  and  other  orders  appear,  as  th 
distance  from  the  summit  of  the  group  increases;  these  growth 
being  at  first  rudimentary,  but  becoming  more  and  more  deTolopei 
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M  iiief  approach  the  base  of  the  crystal,  nntil  thej  sometimes  literally 

fom  the  ikeleton  outline  of  a  complete  octahedral  crystal.     An 

iUostntiye  diagram  of  sach  a  stractnre  is  given  in  Fig.  14,  Plate  10. 

The  krgGst  isolated  steel  crystals  which  have  been  observed,  though 

obIj  nrely,  have  &  length  of  6  nmi.  (0  *  20  in.)  ;  in  most  cases  the 

lo^  reaches  only  3  mm.  (0*12  in.)  with  a  diameter  of  1  to  1^  mm. 

(0*01  to  0*06  in.)    It  is  difficult  to  assign  a  minimum  limit  of  size, 

hecuie  well-developed  crystals  have  been  found,  with  very  accurate 

MDtonra,  so  small  that  they  could  be  clearly  seen  only  when  magnified 

from  100  to  150  times. 

The  various  discontinuous  crystals  are  not  usually  arranged 
fuillel  to  each  other.  Their  principal  axes  intersect  at  every 
imiginable  angle,  as  may  be  seen  in  Fig.  13.  Sometimes  however 
&7  assume  a  twin  arrangement  like  that  represented  in  Fig.  15, 
viueh  is  taken  from  the  contraction-cavity  of  a  5-cwt.  steel  ingot, 
ttd  is  enlarged  70  times.  Fig.  16  represents  the  outline,  enlarged 
25  timea,  of  one  of  the  crystals  of  the  group  represented  in 
Kg.  18. 

Inasmuch  as  the  sides  of  the  contraction-cavities,  and  of  the 
fonag  portions  surrounding  the  central  oontraction-spaoe,  are 
nwiaUy  built  up  of  more  or  less  developed  discontinuous  crystals, 
i^  is  perfiDctly  justifiable  to  conclude  that  the  setting  of  steel  does 
>ot  take  place  by  the  uninterrupted  addition  of  smooth  layers,  but 
V  a  eontiDiied  growth  of  discontinuous  crystals  in  a  radial  direction 
fctt  the  eooling  surfaces  of  >the  mould  towards  the  centre  of  the 

• 

ngoi;  and  further  that  the  principal  axes  of  the  growths  are 
^^oaed  al  right  angles  to  the  cooling  surfaces,  in  the  manner 
iUoitraied  in  Fig.  17,  Plate  11.  This  is  demonstrated  in  the  clearest 
nttacr  by  the  radiated  structure  of  the  fractures  of  ingots  cast  in 
Md  aonldsy  when  the  fluid  steel  has  been  so  hot  that  no  gas  bubbles 
^  ^  few,  are  found  in  the  outer  layers.  If  the  diameter  of  a 
<7liodrioal  ingot  is  small,  say  from  two  to  three  inches,  then  the 
^7>  penetrate  to  the  very  centre,  as  illustrated  by  Fig.  18  ;  but  if  the 
^'^  metaaa  of  the  ingot  is  rectangular,  Fig.  19,  then  the  fracture 
"^  a  rectangle  with  clearly  defined  diagonals,  formed  by  the  final 
"'^^^  cf  the  crystals  in  their  growth  normally  to  the  surfaces  of 
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the  mould.  Along  these  diagonals  lie  the  planes  of  weakness  so  well 
known  in  ordinary  iron  castings.  It  should  be  noted  also  that  in  thai 
contraction-cayities  of  ordinary  iron  castings  are  found  discontinuouB 
crystals  very  similar  to  those  that  have  just  been  described ;  it  may 
consequently  be  inferred  that  the  setting  of  cast  iron  takes  place  in 
the  same  manner  as  that  of  steel.  Fig.  20  represents  a  crystal  from 
a  oontraction-cayity  in  grey  cast  iron,  enlarged  140  times. 

From  numerous  observations  on  the  structure  of  the  sides  ol 

contraction-cavities,  it  appears  that  the  harder  the  steel,  that  is  to 

say  the  more  carbon  it  contains,  the  clearer  is  the  development  oi 

the  discontinuous  crystals.     In  very  mild  varieties,  containing  less 

than  0*2  per  cent,  of  carbon,  it  is  difficult  to  find  well-developed 

crystals;  and  when  discovered  they  are  of  insignificant  size.    It  is 

highly  probable  that  an  intimate  relation  exists  between  the  fiACulty 

for  the  regular  development  of  discontinuous  crystals,  and  the  powez 

of  the  metal  to  change  rapidly  from  the  perfectly  fluid  into  the  solid 

state,  without  a  more  or  less  protracted  passage  through  the  soft 

dough-like  condition,  which  latter  would  naturally  interfere  with  the 

rapid  and  regular  development  of  the  branches  of  the  crystals.     Thie 

may  be  seen   even  in  cast  iron.      The  white  varieties,  or  those 

qualities  which  are  susceptible  of  being  made  white  by  chilling, 

assume  a  ray-like  structure,  indicating  a  rapid  formation  of  crystals. 

Orey  irons,  on  the  other  hand,  in  which  the  segregation  of  graphite 

hinders  the  regular  process  of  crystallisation,  and  which  tend  to 

assume  the  dough-like  condition  before  solidification,  take  a  granular 

structure;    the   metal,    which    at   this    time    tends    to    form   into 

discontinuous  crystals,  and  to  reject  the  graphite  in  the  neighbourhood 

of  the  growths  thus    being    formed,  contains  very  little  carbon, 

although  it  probably  retains  all  the  other  substances  associated  with 

cast  iron.    With  respect  to  the  confused  manner  in  which  the  axes 

of  the  groups  of  crystals,  in  the  contraction-cavities  and  in  the 

central  porous  column,  are  disposed,  it  should  be  remembered  that 

the  cooling  in  these  parts  takes  place  very  slowly,  through  the  heated 

and  recently  solidified  sides  of  the  ingot;  and  that  this  state  of 

things  is  favourable  to  the  formation  of  a  great  number  of  centres  ol 

crystallisation,  with  perfect  freedom  of  direction  to  the  tnikif^  axes* 

Beaidea  this,  the  central  portion  of  the  ooolin^  in^ot  is  always  in  a 
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iliie  of  fflotion  from  the  shrinking  and  setting  of  the  metal ;  and  this 
■otioD,  ilthongh  very  small,  is  quite  competent  to  turn  and  disarrange 
tile  axes  of  the  crystals. 

The  chemical  composition  of  the  disoontinnons  crystals,  according 

to  the  analyses  made  at  the  Abouchoff  Works,  is  by  no  means 

ttoiluit;  and  is  always  the  same  as  that  of  the  general  mass  of  the 

ingot,  be  it  hard  or  mild  steel.     Consequently  there  are  no  grounds 

far  soppofdng  that  a  crystallisation  is  taking  place  of  some  definite 

chemical  compound  of  iron  and  carbon,  although  the  phenomenon 

of  UfuUion,  first    noticed    and    proved    by   Messrs.   Lavroff   and 

KalaVntukin,*  may  have  given  grounds  for  such  a  supposition.     The 

boofitinuous  crystals  found  in  the  spots  produced  by  liquation  have 

the  aame  composition  as  the  metal  of  the  spots ;  but  as  this  metal 

11  always  harder  than  the  rest  of  the  ingot,  so  the  crystals  are 

btingidshed  by  more  delicate  outlines  than  are  characteristic  of 

thoae  which  are  found  outside  the  spots,  and  of  which  the  composition 

ii  identical  with  that  of  the  bulk  of  the  ingot. 

Turning  again  to  the  form  of  the  crystals,  it  is  noticeable  that 
toe  is  no  strict  regularity  in  their  growth.  Sometimes  the  growth 
of  one  side  exceeds  that  of  the  other ;  sometimes  the  branches  of  the 
ieeond  order  grow  more  rapidly  than  those  of  the  first,  depriving 
the  ktter  of  the  material  from  which  they  were  formed,  and  then  in 
tittir  torn  throw  •  out  branches  of  the  third  order,  and  so  forth ; 
nnetimes  the  branches  meet,  unite,  and  enclose  between  themselves 
■peoes  filled  with  fluid  steeL  Fig.  15,  Plate  10,  represents  such  spaces, 
^Oiloeked  in  between  the  growths  of  the  first  and  second  orders. 
And  all  this  is  seen  in  the  examination  of  one  crystal  formed  by 
itKll  How  many  of  these  locked-in  spaces  must  be  formed  when 
oei^bonring  crystals  grow  side  by  side  and  throw  out  branches 
i&  all  directions !  What  takes  place  in  these  spaces  during  the 
^^a^het  setting  of  the  steel  ?  The  fluid  metal  continues  to  act  as  the 
*^^tne  of  supply  to  the  growing  crystals ;  but  as  this  involves  a 
"^^nnbge  of  the  volume  of  the  metal,  it  follows  that  each  space 
^^^ootoeB  a  contraction-cavity,  which  may  be  named,  for  distinction's 
'*^t  partial  or  locsd  cavity. 

^  JdatnaJ  cf  the  Jmpenal  Artillery,  180Q,  1867. 

Q  2 
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It  i^  evident  that  the  supply  of  material  for  the  t6 
deyelopment  of  the  crystals  cannot  go  on,  if  the  metal  he< 
yiscid  and  loses  its  fluidity ;  but  in  the  centre  of  the  ingot  thi 
of  fluidity  does  take  place,  and  is  the  reason  why  the  structn 
the  steel  becomes  more  and  more  porous  as  the  centre  of  the  ct 
is  approached.  Near  the  centre  the  mass  becomes,  in  fact, 
more  than  a  collection  of  local  contraction-cavities.  One  of 
cavities  is  exhibited  in  Fig.  21,  Plate  12,  enlarged  80  times. 

On  the  other  hand,  the  more  closely  the  crystals  are  p 

together,  and  the  quicker  their  branches  grow,  the  more  diffic^ 

becomes  for  the  metal  to  flow  to  the  crystals  in  course  of  formi 

notwithstanding  that  the  steel  remains  very  fluid.     This  sta 

things  exists  during  the  formation  of  the  external  layers  of  an : 

cast  in  a  metallic  mould,  which  rapidly  cools  the  surfSaces  in  oo 

with  it     This  is  the  cause  of  the  formation  of  the  acicular  i 

layers,  and  of  the  comparatively  weak    lateral    adhesion  of 

component    prisms  or    needles.      The    local  cavities  under  i 

circumstances  arrange  themselves,  for  the  most  x>art,  along  the  pi 

*  of  contact  of  the  crystals  which  are  forming  in  directions  at : 

angles  to  the  surface  df  the  ingot.      The  cross  sections  of 

prisms  are  generally  irregular.     This  irregularity  is  caused,  ii 

first  place,  by  the  direction  of  the  lateral  axes  of  the  neighboi 

crystals  having  no  relation  whatever  to  each  othe]:;  in  the  se 

place,  by  the  distance  between  their  principal  axes  not  being  e< 

so  that  those  very  near  to  each  other  tend  to  form  twin,  triple^ 

other  branches,  while  the  more  distant  ones  develop  themselves  i 

independently ;  and  in  the  third  place,  as  has  been  already  poi 

out  in  describing  isolated  crystals,  by  the  rapidity  of  the  growl 

branches  being  rarely  symmetrical  in  reference  to  the  principal  i 

From  these  considerations  we  may  imagine  the  cross  sectioa 

growing  crystals  to  be  similar  to  that  illustrated  on  an  enlarged  t 

in  Fig.  22,  Plate  12.     At  the  termination  of  the  growth,  the  prol 

appearance  of  the  contiguous  crystals  is  represented  in  Fig.  23 ; 

indeed  this  appearance  may  be  actually  observed  in  the  fraotun 

steel  ingots  of  acicular  structure.     The  growth  of  crystals  nom 

to  the  sides  of  the  ingot  is  represented  in  Fig..  17,  Plate  11. 
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The  wetlmefls  of  cohesion  between  the  prismatic  crystals  is  the 

chief  euue  of  the  formation  of  external  cracks  during  the  cooling  of 

theingofta.    The  slightest  ineqnalitj  or  ronghness  in  the  sides  of  the 

JBoUd,  liindering  the  free  contraction  of  the  cooling  external  layers,  is 

nffieient  to  destroy  the  connection  between  the  prisms,  and  to  cause 

minnte  cracks,  which  are  the  more  nnmeroas  the  hotter  the  metal 

htt  been,  and  the  greater  the  consequent  contraction.     The  surfaces 

of  the  cracks  haye  a  prismatic  structure,  and  the  imprints  of  the 

diaocmtinaous  crystals  may  be  distinctly  seen.     Fig.  24,  Plate  12, 

iq^resentB,  full  size,  the  surfetces  of  a  crack  which  took  place,  at  a  bright 

red  heat,  during  the  setting  of  the  external  layers  of  a  steel  ingot,  while 

the  oentral  portion  was  still  fluid.    In  castings  of  large  diameter, 

mj  from  30  in.  to  50  in.,  and  of  considerable  height,  say  from  7  fL 

Id  10  ft.,  and  when  the  steel  is  yery  hot  and  is  poured  quickly  into 

I  metal  mould,  the  rapid  expansion  of  the  sides  of  the  mould,  acting 

in  t  eontrary  direction  to  the  contracting  layers  of  the  steel,  has  an 

opeeially  marked  influence  on  the  formation  of  cracks  in  the  skin 

of  the  ingots.     This  inconvenience  may  in  a  great  measure  be 

ohriited  by  pouring  yery  slowly. 

Besides  the  formation  of  cracks,  the  rayed  structure  of  the  external 
kyers  produces  another  eflect;  namely  that  during  the  cooling, 
which  tikes  place  more  rapidly  in  the  outer  than  in  the  inner  layers, 
the  former  are  necessarily  thrown  into  a  state  of  tension,  and  stretch 
m  ooniequence ;  not  so  much  however  by  the  extension  of  the  metal 
itielf  tt  by  the  destruction  of  cohesion,  and  by  the  separation  between 
the  e<»itignous  crystals  forming  the  outer  layers,  as  shown  in  Fig.  2, 
FUteT. 

With  respect  to  the  granulation  which  takes  place  in  cooling, 
'^^  the  outer  prismatic  surfaces,  it  can  be  explained  by  the  fact 
^  this  portion  of  the  casting  must  be  in  a  state  of  tension  while 
the  ooetal  is  setting.  It  has  already  been  explained,  in  the  author's 
F^  on  the  ManufBU^ure  and  mode  of  working  of  Steel,  that,  when 
^^'fA  to  a  high  temperature  and  cooled  slowly,  steel  sets  in  the 
^^^  of  irregular  many-sided  grains.  If,  during  the  building  up  of 
^  grains,  and  while  the  mass  is  still  red  hot,  the  cohesion  of  the 
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metal  is  enfeebled  or  destroyed  by  the  action  of  external  foroee 
tensile  or  bending  stresses,  then  the  chief  destruction  of  coh( 
will  take  place  between  the  surfaces  of  contact  of  the  grains, 
consequently,  in  the  fractured  surfaces,  detached  grains  will  app< 

This  effect  may  be  produced  artificially,  A  piece  of  steel  o 
form  a,  Fig.  25,  Plate  12,  is  heated  for  five  or  six  hours  io  a  b 
red  or  yellow  heat:  it  is  then  removed  from  the  furnace, 
placed  between  lugs  hh,  projecting  from  a  massive  cast-iron  plai 
arranged  that  the  steel  is  securely  held  from  contracting, 
piece  of  steel  will  be  stretched  slowly  as  cooling  proceeds ;  anc 
cohesion  among  the  grains,  which  have  been  formed  during  the 
exposure  to  a  high  temperature  in  the  furnace  and  the  subse^ 
slow  and  quiet  cooling,  will  be  loosened.  If  the  granulation  has 
very  strongly  developed,  the  bar  will  either  tear  asunder  of  itsei 
will  be  very  easily  broken  after  it  is  cold ;  the  fracture  exhib 
clearly  the  granular  formation.  The  same  effect  may  be  produce 
dropping  a  steel  ring,  heated  as  above  described,  on  to  a  cast-iron  < 
Hard  steel  is  found  to  granulate  more  quickly  than  the  milder  varii 

Inasmuch  as  during  the  passage  of  steel  through  all  the  n 
of  tomperature,  from  its  setting  point  to  that  of  the  ordi 
temperature  of  the  atmosphere,  the  strains  in  the  various  parts  o 
ingot  are  constantly  changing  from  tensile  to  compressive  or 
versa,  we  may  expect  to  meet  with  such  granulations  in  all  por 
of  a  casting;  generally  however  they  appear  in  the  outermost 
the  innermost  layers,  and  especially,  in  ingots  of  large  diamete 
the  places  where  there  is  a  great  difference  of  temperature  bet 
the  outer  and  inner  layers.  At  the  commencement  of  cooling, 
outer  layers  of  an  ingot  are  stretched,  and  the  inner  ones  comprei 
at  the  conclusion  of  the  cooling  the  reverse  action  takes  place 
outer  layers  being  compressed  and  the  inner  ones  strongly  extei 
The  tension  of  the  inner  layers  in  ingots  of  large  diameter,  srn 
40  in.,  is  at  times  so  great  that,  if  left  to  cool  in  the  open  ai] 
ingots  often  exhibit  internal  cracks,  especially  in  their  upper 
weaker  ends. 

With  respect  to  the  details  relating  to  the  granulation  of  i 
the  remarks  made  in  the  paper  of  1868  are  still  applicable.    Fi 
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and  26,  Pktes  7  and  13,  represent,  at  two-thirds  the  natural  size, 
fnctues  of  a  highlj  granulated  ingot.  One  half  of  the  piece,  from 
which  Fig.  26  was  taken,  is  in. the  mnseom  of  the  Imperial  Eussian 
Technical  Society,  and  one  of  the  grains  is  illnstrated  in  Fig.  27, 
signified  seven  times.  Fig.  28,  Plate  12,  represents  a  grain  oat  of 
mother  piece,  also  magnified  seven  times.  It  is  evident  that  these 
gnins  have  onlj  a  slight  likeness  to  regular  crystals ;  there  is  no 
ngokrity  of  form  or  angle,  and  the  edges  are  more  or  less  curved 
and  crooked. 

We  must  next  consider  the  methods  adopted  for  overcoming  the 
defects  which  have  been  discussed  above. 

A  roundabout  way  of  attaining  the  object  sought  is  the  use  of 
KKilled  **  malleable  cast  iron."  The  articles  to  be  produced  are  cast 
ii  white  refined  inm,  and  are  then  exposed  for  a  long  time  to  a  high 
temperature,  in  some  slowly  oxidising  medium,  the  effect  of  which  is 
to  decarbonise  the  iron  and  so  produce  a  metal  more  or  less  analogous 
towrooght  iron  and  to  steeL  It  cannot  be  said  that  this  method 
Imi  lolved  the  problem,  because  the  metal  so  produced  is  far  from 
hiring  the  qualities  which  were  confidently  looked  for  in  the  early 
diyi  of  the  process.  Nevertheless  the  manufacture  of  malleable  cast 
inn  has  received  considerable  development,  especially  in  substitution 
fat  light  smithwork,  and  this  is  in  itself  a  proof  of  the  difficulty  of 
mehing  the  desired  object  by  a  direct  method.  It  is  needless  to 
dveQ  more  particularly  on  this  process,  as  it  will  not  lead  to  the 
xdntion  of  the  question  under  consideration. 

The  methods  of  overcoming  the  imperfections  in  steel  castings 
^J  he  trranged  under  three  heads  : — 

1.  Without  altering  the  system  of  casting,  to  limit  the  ingots  to 
^  limplest  forms,  and  to  work  out  the  required  ultimate  shapes  by 
tteuis  of  hammers,  presses,  or  rolls. 

2.  To  subject  the  fluid  steel,  during  the  process  of  setting,  to 
'^^  pressure  ;  and  by  that  means  to  prevent  the  formation  of  air- 
^Ufis,  and  to  a  great  extent  also  of  contraction-cavities.  The 
^iHSola  must  still  be  kept  to  the  simplest  forms,  and  reduced  to  the 
'foiled  shapes' by  hanmiering,  pressing,  or  rolling. 
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8.  To  use  cliemical  reagents  in  order  to  arrest  the  formatic 
gases,  and  thus  to  obtain  castings  of  the  most  yaried  forms 
dimensions  in  ordinary  sand  or  metallic  moulds. 

By  the  first  method  the  ingot  assumes  a  structure  analogon 
tiiat  represented  in  Fig.  1,  Plate  7 ;  and  the  defects  which  arise ' 
between  the  limits  indicated  on  the  upper  and  lower  sides  of  the  fig 
The  head  or  top  portion  of  the  casting,  filled  with  porosities 
cavities,  has  to  be  cut  off  and  condemned  as  scrap.  This  por 
amounts  to  between  one-sixth  and  one-fourth  of  the  weight  of  the  in 
and  bears  tiie  same  relation  to  it  that  the  head  does  to  an  ordinary  i 
easting.  The  remainder  of  the  ingot  is  sent  to  be  worked  up  in 
forge.  With  the  continued  increase  in  the  dimensions  of  guns, 
the  adoption  of  steel  for  the  construction  of  armour  plates,  the  i 
of  steel  ingots  has  also  increased ;  and,  as  a  matter  of  necessity, 
w-eight  and  power  of  the  mechanical  appliances  used  for  worl 
them  into  their  ultimate  shapes  have  also  been  greatly  augmen 
Accordingly  it  is  found  that  even  50-ton  steam-hammers  are 
longer  powerful  enough.  At  the  Paris  Exhibition,  1878,  the  Grei 
Works  exhibited  the  full-sized  model  of  an  80-ton  hammer  thei 
course  of  construction,  and  the  model,  also  full-size,  of  a  ISO- 
steel  ingot.  At  the  works  of  Saint-Chamond  an  80-ton  hammer 
also  in  course  of  erection,  and  was  expected  to  be  finished  within 
months.  For  several  years  past  Erupp  has  talked  of  starting 
100-ton  steam-hammer  ;  it  is  not  known  however  in  what  state  1 
stupendous  project  stands  at  the  present  time. 

In  preparing  ingots  for  steel  forgings,  they  are  so  proportioi 
with  the  view  of  saving  as  much  labour  as  possible,  that  the  oi 
section  of  the  casting  shall  be  about  double  that  of  the  finis] 
article.  With  this  proportion  the  outer  porous  layers  of  the  in 
are  so  far  reduced  in  thickness  by  forging,  that,  after  removin( 
comparatively  moderate  thickness  of  metal  in  the  lathe  or  plan 
machine,  a  sound  finished  surface  may  be  confidently  looked  i 
The  weight  however  which  is  removed  by  turning  or  planing,  & 
under  these  circumstances,  amounts  to  between  10  and  20  per  « 
of  the  finished  article;  which,  added  to  the  head  out  off 
ingot,  represents  an  important  loss  of  material. 
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In  tbis  STStem  of  working  it  rnngt  be  borne  in  mind  that  the 

fondtj  of  the  inner  portions  of  the  ingots,  that  is  the  number  of 

loal  oontraction-caTities,  is  very  little  reduced  in  the  longitudinal 

direetfoD ;  becanse  these  cavities  do  not  close,  but  merely  lengthen, 

ia  pn^ortion  as  the  surrounding  metal  is  drawn  out      In  the 

taofvene  or  radial  direction  the  evil  influence  of  the  local  cavities 

vefBD  aomewhat  augmented;  as  has  been  clearly  proved  by  testing 

tk  tnsQe  strength  of  various  layers  of  a  thick  forged  ingot.     The 

fcUowing  example  will  illustrate  the  above  statement. 

In  Fig.  29,  Plate  14,  is  represented,  by  dotted  lines,  a  cast  ingot, 
fte  diameter  of  which  is  D'.  The  full  lines  represent  the  same  ingot, 
ifter  having  been  forged  under  a  50-ton  hammer  and  reduced  in 
&ia0ter  to  D.  After  forging,  a  central  hole,  of  diameter  d,  was  bored 
Ni,  tad  aft  a  seven  strips  were  cut  out  parallel  to  the  axis  of  the  ingot. 
SpedflUDS  prepared  from  these  strips  were  tested  for  tensile  strength, 
•id  giie  the  following  results  for  various  values  of  D',  D,  and  d  : — 
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loioniieh  as  the  ingots  out  of  which  the  specimens  were  taken  had 
^  been  forged,  the  question  may  be  asked,  whether  the  superior 
'^''BDgtli  of  the  onter  layers  of  the  material  cannot  be  explained  by 
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the  circumstanoe  that  they  came  more  immediately  oncler  the  inflneiLtf^ 
of  the  hammer.  In  reply  it  may  be  fitated  that  the  ingots,  aft^^ 
having  been  forged,  were  annealed  with  more  or  less  rapid 
and  that  during  this  operation  the  varioas  layers  were  not  in 
identical  condition;  but  the  samples  cut  out,  before  being 
were  annealed  again,  under  precisely  similar  circumstances  for  eael^ 
pair,  and  with  slow  cooling  after  heating.  By  this  annealing  tb.^ 
influence  of  unequal  forging  was  materially  reduced,  and  therefan^ 
the  difference  of  strength  must,  in  a  great  measure,  be  referred  t^ 
local  cavities.  It  is  much  to  be  regretted  that  no  opportoniiy 
presented  itself  of  making  similar  experiments  on  unforged  ingots 
of  like  dimensions. 

To  demonstrate  the  existence  of  local  cavities  in  forged  ingots,  ift 
is  only  necessary  to  examine  Figs.  30  and  31,  Plate  14,  which  show 
the  shape  and  distribution  of  local  cavities,  in  forged  ingots  of  similar 
size  and  quality  with  those  from  which  the  foregoing  specimen 
strips  were  taken.  The  drawings  are  made  half  the  natural  siie, 
from  polished  strips  cut  out  of  forged  ingots  in  the  radial  direction, 
as  indicated  at  h  in  Fig.  29.  The  figures  show  that  forging  hafl 
caused  the  cavitiesto  elongate  in  the  direction  of  the  axis  of  tho 
ingot,  so  as  to  give  them  an  elliptical  shape ;  and  that  the  number 
of  cavities  increases  as  the  centre  is  approached. 

We  have  next  to  examine  the  second  method,  or  that  of 
compression. 

The  investigation  already  made  into  the  phenomena  aooompanying 
the  setting  of  steel  makes  it  clear  that,  if  it  were  possible  to  cast 
steel  under  an  atmospheric  pressure  sufficiently  great  to  keep  the 
occluded  gases  in  solution,  then  the  resulting  ingot  would  be 
perfectly  free  from  gas  bubbles.  With  this  view  Graly-Cazalftt  in 
1866  proposed  to  cast  steel  under  the  pressure  of  gunpowder  gases, 
and  in  France  it  has  been  suggested  to  use  steam  under  a  pressure 
of  from  6  to  10  atmospheres.  This  method  is  no  doubt  sound 
in  principle ;  but  it  is  of  little  practical  value  on  account  of  the 
many  inconveniences  attending  its  application,  whese  the  charaotei 
of  the  products  required  is  so  miscellaneous. 
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Teijmnch  simpler  is  the  process  of  appljiDg  pressure  through 
•  solid  piston,  acting  on  the  surface  of  the  freshly  cast  ingot,  and 
ikoB  producing  the  so-called  ^'  fluid-compressed  steel."  This  system 
ItM  recdTed  some  important  practical  applications,  and  deserves 
tittefoie  to  be  particularly  dwelt  upon. 

The  steel  is  poured  into  the  mould  in  the  ordinary  manner,  and 
inuDediatoly  afterwards  its  upper  surface  is  pressed  by  a  solid  piston, 
•etoited  by  hydraulic  power.  The  gases  which  had  begun  to  collect 
in  bobbles  on  the  sides  of  the  mould  become  reabsorbed  under  the 
inftwiice  of  the  pressure,  and  the  cavities  are  filled  with  fluid  steel, 
which  thus  takes  the  place  of  the  bands  of  air-bubbles  found  in  oth^ 
eyes.  But  in  order  that  this  absorption  of  gases  out  of  the  bubbles 
famed  along  the  sides  of  the  mould  may  take  place,  it  is  indispensable 
thit  the  metal  surrounding  those  cavities  should  remain  fluid,  at  any 
nte  on  one  side ;  in  other  words,  that  the  pressure  should  be  applied 
before  a  thick  layer,  locking  the  bubbles  in  on  every  side,  has  had 
time  to  form  along  the  surfaces  of  the  mould.  With  the  view  of 
farthering  this  object,  the  mould  is  lined  with  a  refractory  and 
bitdly-oonducting  lining.  The  pressure  is  usually  maintained  for 
ikngth  of  time  sufficient  to  enable  a  thick  crust  to  be  formed  over 
tbe  entire  surface  of  the  ingot ;  by  this  means  the  escape  of  the  gases 
is  prerented,  and  these,  as  has  been  already  pointed  out,  will  by  their 
^on  prevent  the  further  evolution  of  gas  in  the  body  of  the 
ttitbg.  If  this  was  the  only  duty  the  hydraulic  press  had  to 
perform,  one  of  moderate  power  would  suffice,  because  it  does  not 
leqnire  much  pressure  to  stop  the  evolution  of  gas.  But  if  it  is  also 
^ntoided  to  do  away  with  the  funnel-shaped  contraction-cavities, 
^  the  press  must  be  much  more  powerful,  in  order  that  the  piston 
^  follow  the  shrinkage  of  the  metal  up  to  the  moment  when 
"^g  takes  place  in  the  central  portion  of  the  ingot.  This  is  the 
^  thit  Sir  Joseph  Whitworth  proposed  to  himself  in  constructing 
^  Itrge  press,  the  dimensions  of  which  are  truly  colossal ;  for  the 
■"•^Oeter  of  the  hydraulic  cylinder  is  50  in.,  and  the  water-pressure 
*>  high  as  5  tons  per  sq.  in.,  so  that  the  full  pressure  which  may  be 
^^Qrted  amounts  to  10,000  tons. 
V     It  is  difScult  to  say  to  what  degree  this  press  attains  the  object 
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of  annihilating  the  cayities  in  large  ingots;  for  the  specii 
exhibited  hj  Sir  Joseph  Whitworth  in  Paris  had  a  diameter  of  < 
12  to  13  in.  and  a  length  of  3  to  8^  ft.  It  was  cut  in  ha 
loDgitndinallj,  and  the  cnt  faces  were  polished;  it  was  certa 
impossible  to  detect,  through  the  glass  case  at  any  rate,  the  pre8< 
of  any  contraction-cavities,  the  ingot  appearing  to  be  perfe 
solid.  The  method  of  pressure  howeyer,  notwithstanding 
many  apparent  advantages,  has  not,  up  to  the  present  time,  t 
applied  to  castings  of  complex  form.  Besides  this  it  is  well  km 
that  Sir  Joseph  Whitworth  does  not  content  himself  with  i 
pressure  only,  even  for  articles  of  the  simplest  shape,  e.g.  the  ij 
of  heavy  guns,  shot,  shell,  tubes  of  guns,  and  the  like ;  but  sulj 
them  also  to  forging,  under  a  hammer  or  by  pressure.  Consequea 
fluid  pressure  alone  does  not  solve  the  problem  of  bringing, g 
direct  into  the  various  shapes  reqiiired.  It  adds  indeed  to 
economy  of  manufacture  and  of  metal,  by  doing  away  with 
**  head,"  which  has  to  be  sacrificed  in  the  ordinary  process,  an^ 
reducing  to  a  minimum  the  allowance  for  boring,  turning,  or  plai 
after  forging.  But  even  these  advantages  are  obtained  at  great  ( 
in  the  shape  of  the  very  large  capital  necessary  for  the  constmi^ 
of  the  press  and  its  accessories,  besides  the  working  expenses,  wl 
are  considerable ;  and  this  cost,  charged  on  the  comparatively  8i 
output  of  a  press,  is  far  from  being  recouped  by  the  saving  reali 
This  is  probably  the  reason  why,  in  western  Earope,  the  adop 
of  the  Whitworth  system  has  been  confined  to  the  inventor*8 
works. 

The  last  method  of  vanquishing  the  difficulties  surrounding 
steel  founder  is  distinguished  from  the  others  in  that  it  oomple 
solves  the  question,  and  is  based  on  scientific  research. 

A  partial  success,  in  the  harder  kinds  of  steel,  was  obia 
more  than  twenty  years  ago,  by  Mayer,  at  the  Bochum  works ; 
his  method  was  adopted  by  several  German,  Austrian,  and  En^ 
factories.  As  examples  of  this  process,  the  Bochum  bells,  of  wl 
some  8,000  have  been  made  up  to  this  time,  are  especially  famu 
and  various  other  castings,  such  as  wagon  and  locomotive  wb 
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cranDgB^  snndry  ironwork  connected  with  railways,  screw  propellers, 

fjhkn  for  steam  engines  and  hydraulic  presses,  toothed  wheels,  &c., 

kre  been  turned  out  with  success. 
All   the    above    articles    are    cast    in    sand    moulds,    out    of 

M  oomparatiyely  hard  and  rich  in  carbon,  melted  in  crucibles ;  each 
okrge  baTing  added  to  it  a  considerable  quantity  of  siliceous  pig- 
inn,  which  imparts  to  the  metal  from  0*8  to  0*4  per  cent,  of  silicon. 
Ai  loon  aa  this  method,  which  was  at  first  kept  secret  by  the  works 
litae  it  was  adopted,  became  more  generally  known,  it  fell  under  the 
Mntinj  of  scientific  metallurgists,  and  it  was  soon  found  that  the 
Rnrndiiess  of  the  castings  was  due  to  the  presence  of  silicon  in  the 
iteel,  and  that  this  substance  acted  in  a  twofold  manner.  On  the  one 
Inod  it  materially  diminished  the  solubility  of  gases  in  steel  during 
die  melting  of  the  metal,  and  on  the  other  it  impeded  the  formation  of 
ttrixmic  oxide,  a  formation  due  to  the  reaction  of  the  oxygen,  which 
ii  duBdyed  in  the  steel  during  melting,  on  ihe  oxide  of  iron  and  the 

Tnaimufih  as  melting  in  closed  crucibles  protects  the  metal  in 
•  gnat  m^asare  from  the  oxidising  effects  of  the  atmosphere,  and 
it  the  same  time  the  greater  proportion  of  carbon  in  hard  steel 
tthei  the  latter  less  liable  to  dissolve  the  oxides  of  iron,  the 
podnction  of  sound  castings  from  the  crucible  is  less  difficult  than 
vImq  boII  Bessemer  or  Siemens-Martin  steels  are  used.  At  the 
pnieDt  time  however,  judging  from  their  display  at  the  Paris 
I2ikihiti<my  the  Terre-Noire  works  have  overcome  the  last  difficulties 
iQQOQnding  the  art  of  producing  perfect  steel  castings. 

In  order  to  obtain  mild  steel  from  the  Bessemer  converter  or  the 
Sio&flos-Martin  furnace,  it  is  well  known  that  it  is  necessary,  at  the 
^  of  the  operation,  to  add  considerable  quantities  of  manganese, 
in  Older  to  reduce  the  coide  of  iron  dissolved  in  the  fluid  metal. 
Spiegeleisen  is  employed  for  this  purpose,  on  account  of  the  largo 
^nvititj  of  manganese  it  contains ;  and,  for  very  mild  qualities  of 
>teel,  the  so-called  **  ferro-manganese  "  is  used.  This  has  a  similar 
^^position  to  spiegeleisen,  that  is,  iron,  carbon,  and  manganese; 
^  the  proportion  of  the  latter  is  so  large  that  the  fracture  of  the 
^^^  no  longer  pres^its  the  large  mirror-like  facets  which  characterise 
9u«eUieiL 
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The  Honour  of  introdnoing  the  use  of  mixtures  of  iron  be 
a  very  high  proportion  of  manganese,  reaching  even  to  80 
85  per  cent.,  belongs  to  the  engineers  of  the  Terre-Noire  ^ 
under  the  management  of  M.  Enverte;  and  to  them  also  mm 
ascribed  the  credit  of  adding  a  large  quantity  of  silicon,  and 
achieving  the  important  end  of  obtaining  sound  castings  out  of 
Siemens-Martin  or  Bessemer  steel.  It  is  well  known  that  ii 
Bessemer  converter,  as  well  as  in  the  furnaces  of  Martin  and  Pc 
the  silicon,  which  is  contained  in  the  fluid  metal  at  the  beginnii 
the  process,  nearly  all  becomes  oxidised,  and  disappears  in  the 
the  exception  being  when  the  Bessemer  process  is  carried  c 
a  very  high  temperature,  and  with  pig-iron  containing  a 
percentage  of  silicon.  It  happens  therefore  that  at  the  end  o 
process  the  metal  is  generally  free  from  silicon;  and  as  m 
spiegeleisen  nor  ferro-manganese  contain  much  silicon,  it  results 
the  steel,  after  the  addition  of  either  of  those  two  substances,  is 
little  richer  in  silicon  than  before.  This  is  the  reason  why 
Bessemer  and  Siemens-Martin  steel  hold  lai^e  quantities  of 
and  oxides  in  solution,  and  why  castings  made  from  them  are  gene 
permeated  with  gas-bubbles.  The  ferro-manganese-silicon  mell 
now  produced  at  Terre-Noire,  furnish  the  means  of  introducing 
the  final  product  of  the  Bessemer  or  Siemens-Martin  process 
quantities  of  silicon  as  are  indispensable  for  the  perfect  decompof 
of  the  carbonic  oxide  dissolved  in  the  metal ;  and  for  the  form 
of  a  double  silicate  of  iron  and  manganese,  during  the  reducti 
the  iron  oxides  which  are  also  dissolved  in  the  steel.  This  d< 
silicate,  being  very  buoyant  and  fluid,  rises  with  comparative  fre< 
to  the  surface;  and  in  this  manner  very  effectually  clean 
metallic  bath  of  the  finely-divided  slags,  which  exercise  a  pemi 
influence  on  the  mechanical  properties  of  the  steel  produced. 

According  to  M.  Pourcel,  the  new  mixture  is  added  at 
end  of  the  process,  before  casting,  and  in  such  quantities  tha 
cast  metal  should  contain  0  *  2  to  0  *  8  per  cent,  of  silicon.  In  ord 
neutralise  the  pernicious  influence  of  silica  on  the  stability  o: 
union  between  the  iron  and  the  carbon,  it  is  necessary  to  intrc 
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net  s  qmmtitj  of  manganese  that  the  proportion  between  the  silicon 
and  ilie  manganese  shonld  be  as  2  to  3.* 

Steel  prodnoed  under  these  conditions  ponrs  into  the  moulds 
qniddj  without  b(»ling  up,  and  produces  castings  free  from  bubbles. 
To  ledooe  contraction-cayities,  heads  are  used  as  in  iron  castings. 
Tbe  splendid  collection  of  cast-steel  articles,  shown  hj  the  Terre- 
Koire  works,  proves  that  the  problem  of  obtaining  the  most  complex 
finis  of  steel  by  direct  casting  into  moulds  is  now  very  near  its 
nmplete  solution. 

Etoi  if  it  cannot  be  said  that  the  difficulties  surrounding  the 

production  of  pezfeotlj  sound  castings  out  of  jpure  steel  have  been 

oompletelj  vanquished,  yet  it  is  fit  that  full  recognition  be  made  of 

fte  sonrices  rendered  by  the  Terre-Noire  works  in  preparing,  by 

ntbnil  ind  scientific  investigation,  a  way  to  the  desired  end.     It 

ittynow  be  said  that  the  veil  has  at  last  been  lifted,  which  concealed 

>o  kmg  from  the  eyes  of  numerous  investigators  the  cause  of  the 

pomltj  of  steel  castings.     It  remains  still  to  discover  how  to  reduce 

the  addition  of  silica  to  a  minimum,  in  order  to  avoid,  as  much 

as  ponhle,  the  use  of  manganese,  which  is  necessary  to  neutralise 

the  aetkni  of  silica  in  withdrawing  the  carbon  from  its  union  with 

the  iron.    No  less  important  are  the  investigations  of  Pourcel  on  the 

^^ij  and  subsidence  of  the  silicates  produced  by  the  addition  of 

^BBOHDanganese,  at  the  end  of  the  conversion,  in  the  manufacture  of 

^i^Btttt-liartiii  and  Bessemer  steel. 

AittoQg  the  castings  exhibited  by  the  Terre-Noire  factory,  the 
Uotiiig  claim  special  notice. 
(I)  Two  shots  of  0-32  m.  (12|  in.)  diam.  and  0*786  m.  (30^  in.) 

*  It  ig  MRnned  that  silieon  poaseBses  the  property  of  separating  oarbon,  in  the 
^'^  of  gnphite,  from  its  combination  with  iron.  The  experiments  of  Caron 
^^  ifaown  that  if  steel,  rich  in  carbon  and  also  containing  much  silicon,  is 
^^  frequently  and  for  a  long  time,  without  being  forged,  or  is  repeatedly 
''^^^'Q^  it  deteriorates  greatly,  because  nearly  the  whole  of  the  carbon  becomes 
"^Pvated  hi  the  form  of  graphite.  Manganese,  by  combining  with  the  silicon, 
^'^'^^ttii  this  action  taking  place;  and  hence,  in  the  best  Sheffield  steel,  the 
^*^*»fie  of  msnganeae  is  considered  an  indication  of  superior  quality,  although 
^  ^ndd  be  utterly  uselees  but  for  the  occurrence  of  silioon. 


176  CAfiT-STBSL  IHGOT8.  Jav.  ! 

length,  which  had  passed  through  iron  armour  0*30  m.  (llf 
thick,  backed  by  1  m.  (3  ft.  3|  in.)  of  timber.  The  shots  struck 
target  at  an  angle  of  20°  and  remained  uninjured,  with  the  exoep 
of  a  slight  deformation  of  the  heads,  by  which  the  projectiles  i 
shortened  by  from  14  to  19  mm.  (0*55  to  0*75  in.),  the  diame 
were  increased  by  0*5  mm.  (0*02  in.),  and  the  points  were  deflet 
17-5  to  27  mm.  (0*68  to  1*05  in.)  from  the  axis. 

(2.)  The  inner  tube  for  a  14reentimetre  (5^  in.)  naval  gun.  ^ 
tube  had  been  tested  by  a  committee  on  naval  artillery  ezperin» 
at  Rnelle.  One  hundred  rounds  had  been  fired,  conmiencing  i 
charges  of  4  *  2  kg.  (9  *  3  lb. )  of  powder  and  18  •  65  kg.  (41  •  1  lb.)  of  8 
and  ending  with  4  •  9  kg.  (10  *  8  lb.)  of  powder  and  21  kg.  (46  *  3  lb. 
shot.  The  deformation  proved  to  be  somewhat  less  than  with  foe 
steel  tubes  tested  under  like  conditions. 

(3.)  An  experimental  tube  that  had  stood  the  powder  tesi 
Bourge& 

(4.)  A  rough  turned  ingot  for  a  24-centimetre  (9j^  in.)  g 
weight  11^  tons. 

(5.)  Inner  tubes  for  guns  of  24-  and  32-centim6tre  (9^  in. 
12f  in.)  calibre,  and  a  trunnion  ring  for  a  42-centimetre  (16^ 
gnn,  weighing  6^  tons ;  a  crank  for  a  steam  engine  of  400  H 
a  locomotive  crank-axle,  and  so  forth. 

The  finish  of  all  these  articles  would  compare  favourably  \ 
that  of  the  best  iron  castings.  In  the  thicker  ingots  however, 
especially  in  the  central  parts,  the  fractures  showed,  scattered  1 
and  there,  those  local  oontraction-cavitieB  which  have  already  1 
minutely  described. 

On  examining  the  region  of  bubbles  entangled  in  the  central  p 
of  steel  ingots,  it  will  be  seen  that  in  most  cases  the  lower  half  < 
bobble  has  a  more  or  less  smooth  hemispherical  form,  while  the  si 
and  especially  the  upper  portions,  are  covered  with  arboresoeni  groi 
of  the  most  varied  fi)rms,  as  shown  magnified  in  Fig.  32,  Plate  14. 
carefully  comparing  these  arboreecences  with  the  discontinuous  crys 
of  the  contraction-cavities,  it  will  be  noticed  thai  a  similarity  ea 
between  them,  and  that  the  arboresoences  are  in  fiftct  formed  frtmi 
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crystals  enoonntcred  by  the  babble  in  its  upward  movement,  at  a  time 
vben  the  steel  has  so  far  set,  that  is,  has  become  so  far  filled  with 
dinontinnoos  crystals,  that  the  babble  cannot  freely  rise  to  the  sarface. 
Ai  the  bubble  floats  upwards,  motion  of  the  surrounding  fluid  takes 
|laoe;  the  floating  crystals  are  moved  aside  and  turned  over,  and  as 
tbej  ire  at  the  same  temperature  as  the  surrounding  fluid,  they  are 
Terj  tender,  and  apt,  on  the  least  provocation,  to  dissolve  again. 
Consequently,  daring  the  passage  of  a  bubble,  the  crystals  are  partly 
dissolved  and  partly  transformed  ;  they  interlock  with  each  other  and 
iunntrborescences  of  the  most  complicated  shapes,  so  much  so  that  it 
is  frequently  impossible  to  find  any  likeness  to  the  discontinuous 
crystals  from  which  they  were  originally  produced.  This  may  bo 
leen  in  Figs.  33  and  34,  Plate  14,  the  latter  representing  one  of  the 
irborescences' detached  and  magnified  80  times. 

Fran  what  has  been  said  above  it  is  evident  that  in  order  to 
destroy  the  discontinuous  crystals  which  are  constantly  forming,  in 
other  words  to  effect  their  complete  solution  in  the  surrounding 
ioid  mass,  it  is  sufficient  to  give  to  that  mass  a  comparatively  slow 
nwrement,  seeing  that  the  motion  of  the  gas  bubbles  alone  is  almost 
OGQ^  to  accomplish  the  same  object.  This  circumstance  leads  to 
^  ooDclusion  that  it  is  possible  to  prevent  the  acicular  formation  of 
the  oater  layers  of  ingots  cast  in  iron  moulds,  as  well  as  to  obliterate 
tke  local  cavities  or  porosities  of  the  central  portions. 

In  iact,  if,  during  the  pouring  of  an  ingot,  the  mould  were  caused 
to  rotate  ?rith  considerable  velocity,  then  the  discontinuous  crystals 
tc&ding  to  form  at  right  angles  to  the  sides  would  not  be  in  a 
edition  to  develop  so  rapidly  as  if  the  mould  were  at  rest ;  and 
tlie  steel  woold  set  in  smooth  layers  of  amorphous  structure.  If  the 
'^(m  is  continued  till  the  central  core  of  the  ingot  has  set,  then 
t^  whole  mass  will  present  a  uniform  structure,  and  all  causes  for 
the  formation  of  local  cavities  will  cease.  The  casting  will  be 
P^eetlj  soond  throughout,  and  will  not  require  to  be  consolidated 
^^^  bj  hammering  or  by  pressure.  It  will  be  sufficient  to  anneal 
^  ^Agot,  in  order  to  destroy  the  coarsely  crystalline  formation 
whi^  tlxe  metal  receives  after  it  has  set,  duriog  the  slow  subsequent 

u 
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cooling.  Inasmuch  as  in  the  beginning  of  the  pouring,  in  oonseqne 
of  the  powerful  cooling  action  of  the  mould,  the  crystals  grow  ^ 
rapidly,  it  is  necessary  that  the  rotation  of  the  mould  should 
rapid ;  but  as  the  friction  between  the  sides  of  the  mould  and 
fluid  steel  will  cause  the  latter  also  to  rcTolve,  it  will  be  neoesa 
from  time  to  time  to  alter  the  direction  of  rotation,  in  other  wa 
to  cause  the  revolution  to  take  place  in  alternate  dixectionB 
tolerably  short  intervals. 

For  cylindrical  ingots  in  which  an  axial  bore  is  afterwards  to 
made,  such,  for  example,  as  those  prepared  for  the  manufacture 
breech-loading  guns,  it  would  be  more  convenient  to  cause  the  moi 
to  revolve  on  a  horizontal  axis,  and  with  this  object  to  turn  it  on 
side,  as  soon  as  the  crust  over  the  upper  open  end  had  form 
The  contraction-cavity  would  then  be  distributed  evenly  along  I 
whole  length  of  the  axis,  instead  of  forming  a  funnel  at  one  end ;  i 
there  would  be  no  need  to  add  any  considerable  head  of  maJ 
For  shell,  when  unforged,  and  cast  at  once  to  the  finished  foim, 
at  Terre-Noire,  the  rotation  would  answer  best  on  an  inclined  u 
since  it  would  then  tend  to  produce  a  long  funnel-shaped  cam 
very  nearly  of  the  shape  required.  It  is  impossible  not  to  ad] 
that  the  constant  mixture  of  the  metal  during  rotation  will  tend 
create  uniformity  of  structure  and  prevent  liquation. 

The  above  description  brings  to  mind  the  so-called  **  centrifa 
system  "  of  casting,  but  the  similarity  is  superficial  only.  Up  to 
present  time  the  idea  of  centrifugal  casting  implies  the  developm 
and  use  of  centrifagal  force  in  order  to  consolidate  the  metal  i 
radial  direction ;  as  for  example  in  the  tread  of  a  cast-iron  wt( 
wheel.  If  it  is  really  a  fact  that,  with  the  centrifugal  method 
casting,  the  iron  becomes  more  sound  and  compact,  then  this  el 
must  not  be  ascribed  to  centrifugal  force,  but  only  to  the  circumsta 
that  the  motion  produced  in  the  liquid  metal  hinders  the  formatioii 
discontinuous  crystals.  It  is  highly  probable  that  the  use  of  1 
process  would  very  greatly  improve  the  qualities  of  chilled  cast-i 
rolls,  of  cast-iron  ordnance  and  projectiles,  and  of  some  kinds  of  fa 
castings. 


: 
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There  still  remains  one  question  to  discnss — a  qnestion  wHich  Has 
ibeidy  been  considered  in  the  author's  paper  of  ten  years  ago,  on  the 
lumfKtare  of  Steel — ^namely  whether  forging  is  necessary  to  steel, 
even  when  cast  perfectly  sound,  without  bubbles  or  local  contraction- 
aiitieB.  To  answer  this  question  it  would  be  sufficient  to  refer  to  the 
experiments  made  in  1869  by  a  Committee  of  the  Technical  Society 
(ne  their  Proceedings,  1870,  second  issue) ;  but  several  new  facts  are 
•TtOtble,  and  these  are  embodied  in  Tables  I.  and  II.  appended. 

A  comparison  of  the  figures  in  these  two  Tables  shows  the 
veleasQess  of  any  kind  of  pressure  or  forging  to  improve  the 
nechanicd  properties  of  steel.  The  whole  question  lies  in  the 
im  of  the  founder.  The  low  mechanical  properties  which 
^utingnish  unannealed  cast  steel,  whether  compressed  or  not, 
fain  umealed  or  forged  steel,  can  be  explained  by  its  coarsely 
oyiidline  structure,  by  the  presence  of  local  cavities,  and 
ttpediUy  by  granulation.  This  latter  defect  is  only  partially 
leoofed  by  annealing,  which  may  be  explained  by  the  circumstances 
^  the  surfaces  of  contact  of  the  grains  are  separated  by 
vvTing  distances;  and  that  these  distances  always  exceed  the 
liouti  within  which  cohesion  acts  at  ordinary  temperatures,  but 
^  in  general,  its  limits  at  a  bright  red  heat.  If  these  latter  limits 
^  not  exceeded,  then,  when  the  steel  is  heated  for  annealing 
piipoies,  the  grains  stick  together.  It  happens  most  frequently  that 
^7  nme  of  the  grains  adhere  to  each  other,  those  namely  which  are 
^  septnited  beyond  the  limits  of  cohesion  at  a  high  temperature, 
^  the  remainder  do  not  unite.  In  this  manner^  in  most  cases, 
gnaolAtion  is  only  lessened,  and  not  entirely  destroyed,  by  annealing. 

Giiniilation  is  further  developed  by  the  tension  produced  during 
^  cooling  of  the  castings,  and  while  they  are  still  at  a  red 
^  The  outer  layers  are  brought  into  a  state  of  tension  at  the 
^^'^'^BMDoement  of  cooling,  and  the  inner  ones  towards  the  end.  In 
^  lespect  Sir  Joseph  Whitworth's  method  of  casting  with  an 
^'^^f^  oore  is  objectionable  ;  the  core  hinders  the  free  contraction 
^  the  tnnular-shaped  casting,  causes  the  metal  to  stretch,  and  so 
^▼oQn  the  development  of  granulation.    This  is  the  reason  why 
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stronglj  compressed  steel  in  the  form  of  annular  ingots  1 
comparatively  low  tensile  strength,  even  after  having  been  anneal 
It  is  well  known  that  Sir  Joseph  Whitworth  forges  or  othenv 
works  his  steel  after  pressing ;  and  a  comparison  of  Tables  I.  and 
demonstrates  that  it  is  only  after  forging  that  annnlar-sha] 
compressed  steel  can  compare  in  mechanical  properties  with  the  i 
and  annealed  steel  of  the  Terro-Noire  works. 

It  may  here  be  noted  that  Sir  Joseph  Whitworth's  results  si 
remarkably  great  eloDgation  in  his  steel  before  rupture ;  but  it  she 
be  borne  in  mind  that  his  samples  were  only  2  inches  long,  while 
other  makers  make  use  of  specimens  8  inches  long,  which  only  ( 
about  half  the  proportionate  extension  under  tensile  tests. 

The  conclusion  to  be  drawn  from  what  has  now  been  discnsse 
the  following. 

The  problem  of  preparing  sound  castings,  direct  from  the  mo 
may  be  considered  solved  as  far  as  the  absence  of  gas-bubble 
concerned ;  and  this  is  the  point  of  cardinal  importance,  whether 
result  be  obtained  by  the  high  temperature  at  which  the  meta 
poured,  by  the  use  of  silicon,  or  by  subjecting  the  casting  to  mode 
pressure,  say  six  to  ten  atmospheres.  To  give  the  steel  so  obtai 
its  best  internal  structure,  and  the  necessary  mechanical  proper 
it  is  sufiScient  to  anneal  it,  with  a  more  or  less  rapid  cooling 
tempering. 

Special  attention  in  casting  has  to  be  devoted  to  the  suppresi 
of  contraction-cavities  and  granulations,  whether  grain-like 
prismatic  in  form.  These  can  be  prevented,  as  has  been  shown 
proper  methods;  among  the  best  of  which  is  that  of  keeping 
motion  in  the  melted  steel  which  is  in  contact  with  the  solid! 
layers.  Granulations  will  be  avoided  by  the  use  of  sand,  or  ot 
non-conducting,  moulds,  by  letting  the  castings  cool  slowlj,  and 
removing  all  obstacles  to  the  free  contraction  of  all  the  parts  of 
casting.     The  same  precautions  will  prevent  the  formation  of  crm 

For  the  most  simple  forms  these  requirements  are  most  reac 
met— and  that  without  necessitating  a  high  temperature  in  the  mc 
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which  is  gpeeiftlly  important  with  respect  to  granulation — by  the  nso 
of  rabstAntial  cast-iron  roonlds,  thickly  perforated  with  holes,  and 
protected  by  a  fire-resisting  lining  of  moderate  thickness. 

The  compression  of  fluid  steel  by  means  of  a  solid  piston  appears 
to  be  applicable  only  to  the  simplest  forms,  and  to  have  no  real 
iitiire  before  it  The  hammer  and  the  rolls  would  still  be  necessary 
for  the  production  of  such  ordinary  shapes  as  cannot  by  casting 
be  piodaoed  sound  and  with  a  smooth  skin. 


OABT'BTSEL  CIOOTB. 


EXPIBTKIMTB    ON   THl    TdiBIIK   StBBHOTH   OF  StKEL 
AT   THE   TkBEE-NoiBB   WoBKfl. 

Diameter  o/Speeiment,  U  mm.  (0-55  im.) 
Length  of  ^cimetu,  100  mm.  (3-93  m.) 


S.ti,«ot8p«in*». 

No.  of 

PetnnL 

Limit 

Tnni 
[»r«i.  In. 

K 

FoBGZD  Steel. 

0  150 

13-70 

22-24 

0-190 

16-32 

30-40 

wnt  of  DiangnncBO  and 
n  trace  ofBilioon.) 

0-703 

ia-C3 

42-36 

0-875 

21-31 

4S-16 

0-150 

20-43 

28- 16 

i 

in  oil. 

0-400 
0-709 

27-79 
42- 8Q 

43  92 
66-72 

1 

8 

0-875 

.115 -38 

66-14 

Oabt  Steel  not  Foboed. 

9 

0-267 

13 'OS 

27-85 

(CoQWiiing  about  J  por 

10 

0-459 

16-51 

26 '98 

cant  of  mangaupse  and 
ipercont.  ofBilioon.) 

11 

0-750 

19 '00 

40-00 

12 

0-875 

24-42 

40-18 

13 

0-287 

19-69 

32-27 

» 

iu  oil  and  tempering. 
(Compoaition  bs  fthorc.) 

14 
IB 

0-459 

0-750 

20-87 
22-30 

S4'SS 
46-23 

11 
1 

16 

0-875 

Z8-G6 

51-46 

TABLE  n. 

iumVEHTfl  ON   THI  TknsIU  STEKNaTH  OF  StUL 
AT  THB  AsoDOHOrr   WOKKS. 

Diameter  of  Specimens,  12-5  mm.  (0-49  in.) 
«KflkfTom  150  mm.  to  250  mm.  (5-91  to  9-84  in.) 


EllHtlC 

unicix* 

nui 

^t^mm. 

Limit. 

smngth. 

EiumHon. 

Rtmuki; 
wd  Pcmnuga  of  C«ton, 

per  tn-  lo- 

Tom 
ptriq.  in. 

Pcr«iL 

SUU»D.*H1UUBUM.. 

)-iii.B»- 

iMlabot, 

S   AboD- 
afainot 

MewioftwowialyMs. 

mr    an- 

16-38 

39-37 

4-0 

/0  =  070!  8i  =  0-07; 

«id  : 

21'93 

46-59 

8-0 

I        Mn  =  0-54. 

BMsmer 
,lf<x1009 

17-71 

39-37 

16-5 

lC  =  0-43;  Bi  =  0-04; 

dwuple 

!8-« 

M-02 

15-5 

t         Mn  =  0-30. 

UIKMled, 

iC  =  0-85:  Si  =  0-01; 

r      rteel. 

lG-« 

42-65 

20  0 

1         Md  =  0-12; 

n  org  in. 

to 

to 

to 

nnlt  of 

18-37 

48 -5S 

14-0 

|c  =  0-45:  8i  =  0-10: 

nple.)    .) 

1         Mil  =  0-30. 

iiLalKitar 

munfM- 

(C  =  0-G8r  61  =  0-23; 

43  27 

10-0 

I         Mn  =  0-29. 

uuMled 

24-93 

40-59 

3-4 

ofTarre. 

to 

to 

IC  =  0-57:  Si  =  0-24; 

Jm 

26 '21 

53-15 

5-6 

I         Mn  =  0-29. 

MUMted 

A,  Uatrn- 

L 

86-7* 

86-7* 

0-4 

fC  =  0-72:  81  =  0-22; 
I   ,      Mn  =  0  61. 

JT™" 

conlninini;  about 

00  >tm.; 

C  =  0-6*. 

ntftirther 

Si    : 

18-59 
20-83 

30 '61 
34-61 

2-4 
67 

Mean  of  6  •pecimmB. 

duidui- 

'21-00 

4200 

160 

..    «.    2          fi 

«MIM    of 

too  atm.; 

■ad     an- 

17-30 

82-15 

18-1 

X    »    2          « 

185 
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PROCEEDINGS. 


April  1880. 


^PEiNG  MsBTiNO  of  the  Institation  was  held  at  the  Institiition 
Bngineen,  London,  on  Thursday,  22nd  April,  1880,  at  half- 
n  o'clock,  p.m. ;  Edwabd  A.  Gowpeb,  Esq.,  President,  in  the 


IGnntes  of  the  last  Meeting  were  read,  approved,   and 


Pbbsidkmt  announced  that  the  Ballot  Lists  for  the  election 
Members  had  been  opened  bj  a  Committee  of  the  Cooncil, 
t  tiie   following   candidates   had   been  found   to  be  duly 


mismbsbs. 
Akpkbson,  . 
(T  Baillii, 
AM  NsisH  Bain,     . 

JIDXB   BoBODINE, 

m  BOBSBT   FOUNTAINE 

jf  MKBsoif  Dayies, 
AM.  Alfred  Habbt  de 
Fabgot,     . 

AM  Bebnard  Qodfret, 
lOH  Hatter, 

HUMPHRTS,  • 

»  Jot, 

l  lohowobth, 

9  Fbswkh  Martin, 


Brown, 


Pape,  . 


Mouram,  Bussia. 

London. 

Hong  Eong,  China. 

Kieff^  Russia. 

Montreal,  Canada. 

Elumdna,  India. 

Tottenham. 

St.  Ouen,  France. 

London. 

London. 

Barrow-in-Furness. 

London. 

London. 

Loughborough. 
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EioHABD  MoRELAKD,  JuN.,        •         •         •  London. 

James  Coubthopb  Peaohe,  .         .         .  Ciewe. 

James  Stiblino,     .....  AshforcU 

associate. 

William  Edgab  Allen,       .         .         .  Sheffield. 

OBADUATES. 

Edwabd  William  Andeeson,  .         .         .  London. 

William  Henet  Rat  Buckle,      .         .  Newcastle-on-*] 

Abchibald  Adlet  Fbancis,      .         .         .  London. 

Fbancis  Mabten  Weymoxtth,        .         •  London. 

Fbancis  Colin  Yobk,     ....  Wolyerhampto 


The  Pbesident  annoonced  that  a  legacy  of  £100  had 
presented  to  the  Institution  by  the  executors  of  the  late  Mr.  ] 
Napier,  Past^President,  being  part  of  a  sum  of  money  left  b 
to  be  divided  amongst  scientific  institutions,  at  the  discret 
his  executors.  The  Council  had  resolved  that  this  money  she 
laid  out  in  the  purchase  of  books,  which  were  very  much  requu 
the  library.  The  books  would  be  kept  separate  from  the  i 
the  library,  as  the  bequest  of  Mr.  Napier.  In  furtherance 
same  object,  a  list  had  been  made  out,  of  books  which  it  was  de 
to  add  to  the  library,  and  that  list  would  be  circulated  amo: 
Members,  some  of  whom  might  be  willing  to  make  contributi 
spare  copies  from  their  own  stock,  or  might  suggest  wher 
could  be  obtained. 

The  Pbesident  announced  that  the  Besearch  Commit 
Biveted  Joints  were  now  carrying  on  their  experiments,  for 
Professor  Kennedy,  of  University  College,  had  kindly  offei 
use  of  his  testing  machine  gratuitously:  and  on  the  fol 
morning  any  Member  of  the  Institution  could  have  the  oppo 
of  witnessing  the  experiments  in  progress. 
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The  PusiDEMT  annonnoed  that  the  Sammer  Meeting  would  bo 
beld  at  Barrow-in-Fnmess.  There  wonld  be  meetings  for  the  reading 
ofpipenonthe  3rd,  4th9  and  5ih  of  Angost,  and  probably  excursions 
OD  the  6th  and  Tth, 


The  following  paper  was  then  read  :— 


8  2 


188  API 


ON  PERMANENT  WAY  FOE  STREET  TRAMWAYS, 
WITH    SPECIAL    REFERENCE    TO   STEAM  TRACTIOlJ. 


Bt  Mb.  J.  D.  LAB8EN,  of  Lomdok. 


If  we  dismiss  from  consideration  Mr.  Train's  attempts  in  1861,  the 
failure  of  which  arose  from  the  nnsnitable  section  of  rail  adopted,  wc 
may  fairly  say  that  the  introduction  of  Street  Tramways,  so  far  ai 
London  is  concerned,  dates  only  from  1869.  In  that  year  three 
lines  were  authorised,  viz.  (1)  the  North  Metropolitan  Tramways 
embracing  the  Whitechapel,  Mile  End,  and  Bow  roads;  (2)  the 
Metropolitan  Street  Tramways,  for  the  Eennington,  Brixton,  and 
Clapham  routes;  and  (3)  the  Pimlico,  Peckham,  and  Greenwicb 
Tramways,  from  Pimlico  to  Greenwich.  The  two  latter  companies, 
which  had  powers  over  some  25  miles  of  streets,  have  since  been 
amalgamated,  and  are  now  known  under  the  title  of  the  London 
Tramways  Company. 

Some  idea  of  the  success  of  tramways,  and  of  the  increasing 
estimation  in  which  they  are  held  by  the  public,  may  be  formed  from 
the  fact  that  in  nine  years,  up  to  80th  June  1878,  there  had  been 
authorised  by  Parliament  no  less  than  65  miles  58  chains  of  line,  oi 
which  56  miles  50  chains  were  completed  and  open  for  public  traffie 
The  greater  portion  of  this  was  double  line  ;  turned  into  length  ol 
single  line  it  gives  12-1  miles  46  chains  authorised,  and  107  miles 
29  chains  finished.  These  lines,  necessitating  a  paid-up  capital  oi 
ns  much  as  £1,326,054,  refer  to  the  metropolitan  district  only. 

The  growth  of  the  system  has  been  no  less  widely  developed  in 
the  provinces.  The  total  mileage  of  road  for  the  United  Kingdom  was 
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tt  the  game  date  S46j^  miles  authorised,  and  nearly  269  miles  finislied 
ind  in  use.  This,  turned  as  before  into  length  of  single  line,  gives 
^26^  miles,  and  408^  miles  respectiyely,  with  a  paid-up  capital  of 
£4,035,464. 

The  extensiye  patronage  which  tramways  receive  from  the  public 
(nearly  150  millions  of  passengers  being  carried  annually)  is  by  no 
Deana  dae  to  the  superior  accommodation  of  the  vehicles,  as  is 
evidenced  by  the  fsyct  that  the  business  of  the  London  General 
Omnibos  Company,  contrary  to  all  expectation,  is  not  adversely 
iiSected  by  them.  In  the  author's  opinion  their  success  is  mainly 
doe  to  the  reduction  in  fares,  and  to  the  increased  service,  these  two 
innontianB  having  been  sufficient  to  create  a  traffic  which  before 
via  non-existent. 

Street  tramways  are  now  so  firmly  established,  and  have  proved  so 
great  %  boon  to  the  masses,  that  the  opponents  to  the  system,  on  the 
8WW  of  its  spoiling  the  roads,  are  daily  being  ousted  from  their 
poiitioD.  Any  improvements  in  the  fEMsilities  for  intercommunication 
in  luge  towns  are  of  such  vital  importance  to  the  industries  which 
IttYB  created  such  towns,  that  the  opposition  of  the  few  must 
ineritibly  suocnmb  to  the  rapidly  increasing  wants  of  the  many. 

The  objections  to  a  tramway  on  a  public  highway  are  being 
gn^pled  with  and  overcome  one  by  one  as  experience  is  gained ;  and 
if  tea  years  hence  the  best  constructed  tramway  is  as  far  superior  to 
^  best  of  the  present  day  as  this  latter  is  to  the  original  road  of 
ten  or  more  years  ago,  we  shall  have  so  far  progressed  that  opposition 
on  the  ground  of  interference  with  other  interests  will  not  be 
tenable. 

The  anthor'iB  present  object  is  to  point  out  some  of  the  defects  in 
tbe  diflfaient  [^sterns  of  permanent  way  for  tramways,  and  some  of 
tk  steps  that  have  been  taken  to  overcome  them.  It  may  be  observed 
^  stirting  that  many  lines  in  this  and  other  countries  have  been 
^^n&irly  handicapped,  by  being  called  upon  for  duties  they  were 
''fiver  designed  or  constructed  to  perform,  notably  in  the  matter  of 
'^  traction  in  lien  of  horse-power.  Here,  in  addition  to  the  rails 
bsTiiig  to  carry  pethaps  three  times  the  load  originally  intended,  all 
foroe  ia  transferred  from  the  roadway  to  the  rails ;  and 
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when  it  is  considered  that  this  is  an  entirely  new  and  very  hea^y  da 
which  these  lines  were  never  expected  to  perform,  the  only  mat 
for  surprise  is  that  they  should  have  stood  so  well.  A  tramway  tl 
would  serve  admirably  for  heavy  horse  traffic,  might  be  so  constnid 
that  to  use  steam  traction  on  it  would  be  to  destroy  it  immedista 
An  illustration  may  be  found  in  the  original  way  or  track  laid  i 
the  running  of  coal-wagons,  otherwise  trams,  whence  the  derivati 
of  the  word  *'  tramway."  These  tracks  were  made,  and  are  so  si 
in  some  places  abroad,  of  hard  wood  scantling,  about  4  in.  sqiia 
faced  with  light  flat  bar  iron  spiked  on.  These  do  good  service  w; 
horse  or  mule  traction ;  but  to  transfer  the  tractive  force  from  I 
road  to  the  rails  themselves  would  ensure  their  total  failure. 

Early  Systems  of  Laying  Tramways. — The  first  form  of  rail  used 
London  is  shown  in  Fig.  2,  Plate  15 ;  it  is  the  same  as  had  pievioni 
been  used  in  Liverpool  and  Birkenhead  by  Mr.  G^rge  Hopki 
The  method  of  construction  was  also  the  same,  except  that 
London  trenches  for  concrete,  about  9  in.  deep,  were  dug  under  1 
longitudinal  sleepers,  as  shown  in  Fig.  1.  The  Whitechapel  leet 
of  the  North  Metropolitan  Company,  and  the  Brixton  section  of  1 
London  Tramways  Company,  were  laid  in  this  manner.  The  n 
weighed  45  to  48  lbs.  per  yard,  and  were  spiked  to  the  longitodi 
sleepers  by  vertical  spikes,  through  countersunk  holes  made  in' 
bottom  of  the  groove.  The  longitudinals  were  laid  in  cast-i: 
chairs,  or  shoes ;  and  the  gauge  was  secured  by  1^  in.  x  f  ib.  u 
tie-rods,  the  ends  of  which  were  upset  of  a  dovetail  form,  as  showi 
Fig.  8,  and  dropped  into  sockets  of  corresponding  shape,  cast  on 
shoes.  There  were  many  objections  to  these  tie-rods :  in  the  i 
place,  the  slightest  variation  in  the  angle  of  the  bevelled  ends,  oa 
the  sockets,  would  affect  the  gauge ;  in  the  next  place,  alter  the  i 
was  finished  the  tie-rods  would  occasionally  work  up  above 
surface  of  the  stones ;  and  last,  but  not  least,  in  some  instanoe 
was  found  that  when  the  pavior  came  upon  a  rod  that  did  not 
conveniently  for  a  joint  in  the  paving,  he  would,  if  be  had 
opportunity,  solve  the  difficulty  by  lifting  it  out,  dropping  it  into 
bottom  of  the  trench,  and  paving  over  it,  in  which  position  it 
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poBiUj  quite  as  useful  as  in  any  other.    In  the  reconstruction  of 

tone  of  the  North  Metropolitan  lines  in  1877,  the  tie-bar  shown  in 

%  I,  Plate  15,  was  substituted,  which  did  away  with  many  objections 

to  the  fofiner  system.    In  some  places  the  author  has  used  the  forms 

of  tie-rods  shown  in  Figs.  5  and  6,  that  in  Fig.  5  having  a  cottered 

end,  ind  that  in  Fig.  6    being  simply  split,  turned   back,    and 

junelied  for  the  nails.     Where  however  the  rail  is  mounted  on 

•  longitBdiiuJ   timber  sleeper  of  a  width  not  exceeding  the  rail, 

tnofrecse  sleepers  should  be  used  if  possible  instead  of  ties.    At  the 

■me  time  it  would  be  bad  policy  in  dealing  with  a  road  previously 

ptved,  and  where  the  substratum  under  the  setts  is  in  good  condition, 

to  deBtroy  this  for  the  purpose  of  putting  in  cross  sleepers ;  and  as  a 

flatter  of  fact  it  will  generaUy  be  found  that  the  municipal  authorities 

'  win  not  allow  it  to  be  done.    In  all  such  cases  the  best  practice  is  to 

ineniae  the  base  of  the  longitudinal  sleeper. 

The  original    method  of   securing  the  rail  to  the  sleeper,  as 

•bown  in  Fig.  2,  Plate  15,  was  also  very  objectionable.    The  vertical 

oonntetBonk-headed  spikes  were  apt  to  work  loose,  and  the  water, 

patokting  through  the  hole  in  the  rail,  so  softened  the  timber 

lood  flie  spike  that   it   had  no   hold.     In  some   instances  the 

heids  of  the  spikes  would  fly  off,  probably  quite  as  much  from 

tlie  peoreuasive  action  of  the  ordinary  road  traffic  as  from  that  of 

titt  tnmoars.    From  these  causes  the  vertical  spike  fastening  proved 

vhoUj  inadequate  as  an  effective  method  of  securing  the  rails ;  on 

Unei  10  laid,  after  a  few  months'  work,  loose  rails  were  the  rule  and 

oot  the  exception.     Irrespective  of  the  defect  itself,  this  in  wet 

weather  fonned  so  great  an  eyesore  that  it  was  an  unanswerable 

ttgnment  in  the  hands  of  the  opponents  to  tramway  extension. 

£ieh   pfffl^^g    vehicle    created  a  continuous  line    of   little  mud 

foontainSy  bespattering  the  adjacent  roadway  and  everything  near 

it  with  slush  and  filth,  while  this  same  action  was  rapidly  destroying 

the  foundation  and  substructure. 

Again  it  will  be  seen  that  this  section  of  rail.  Fig.  2,  is 
pnctioally  a  flat  bar  of  iron  with  a  groove  rolled  in  it  near  one  edge ; 
its  inhereni  weakness  under  a  load  will  thus  be  evident.  To  obviate 
this  defeet  the  author  had  rails  rolled  with  flanges  about  ^  in.  in  depth 
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depending  from  the  under  side  of  the  rail  on   each  dde,    ' 
made  a  considerably  stronger  rail  without  increasing  the  secti 
area ;  and  with  this  section  the  first  portions  of  the  Pimlico,  Peck! 
and  Greenwich,  and  also  of  the  London  Streets  Tramways,  ^ 
laid.     One  part   of  these  was  laid  with  60  lb.  and  another 
with  50  lb.  rails,  the  two  sections  being  as  shown  in  Figs.  7  as 
Plate  15.     The  author  then  proposed  to  deepen  the  flanges 
further,  but  was  met  by  the  assertion  that  it  was  not  possibi 
rolling  the  rails  to  get  the  metal  down  to  fill  so  narrow  a  fla 
By  degrees  however  they  were  deepened  to  1  inch,  and  ultimatel 
1^  in.  and  1^  in.,  a  large  delivery  of  these  latter  being  aceompw 
by  an  intimation  that  the  author  could  have  them  rolled  to  any  di 
he  chose.     The  North  Metropolitan  Company  are  now  using  a 
with  flanges  full  1^  in.  deep  on  either  side,  as  shown  in  Fig.  9. 

As  soon  as  rails  were  obtained  with  depending  flanges  an  ine 
depth,  the  author  commenced  the  use  of  side  fiisteners,  attaching 
rail  to  the  sleeper  ii^  the  manner  shown  in  Figs.  10  and  11,  Plate 
which  are  an  elevation  and  section  of  what  have  since  become  kn 
as  '*  Larsen's  rails  and  side  fasteners."  This  system  was  brought 
in  1871,  and  from  that  time  has  been  the  method  of  attachi 
universally  used  for  this  section  of  rail  when  mounted  on  ¥ 
sleepers,  and  in  some  instances  when  mounted  on  iron  sleepers  i 
The  flanges  are  rolled  of  a  sufficient  depth  to  enable  holes  U 
pierced  through  them  below  the  upper  surface  of  the  sleeper, 
sleeper  is  rabbeted  down  on  its  upper  edge,  to  fit  accurately  the  m 
side  of  the  rail,  and  the  latter  is  then  secured  to  it  by  means  < 
half  staple.  Of  this  the  portion  A,  passing  through  the  rail  fli 
into  the  sleeper,  is  round,  while  the  other  part  B,  lying  against 
rail  and  sleeper,  is  flat,  of  say  f  in.  x  i^  in.  section,  and  has  a  1 
or  holes  punched  in  the  end,  for  a  nail  or  nails  as  may  be  deaiied 

The  introduction  of  this  rail  and  fastener  abolished  oomple 
the  old  form  of  rail  with  vertical  spikes,  and  proved  a  mai 
improvement  over  former  practice.      The  greater  portion  of 
London  Streets  Tramways,    and  of   the  Pimlico,   Peckham, 
Greenwich  Tramways,  were  laid  by  the  author  on  this  methodi 

This  fiistener  has  no  tendency  to  draw  the  rail  and  sleeper ; 
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close  contact  The  anthor  therefore  designed  a  screw  cramp,  Fig. 
12,  Plate  16,  to  hold  the  rail  and  sleeper  together  while  fixing  the 
side  futeners ;  and  found  that  with  the  aid  of  this  tool  a  very 
KHind  and  dose  attachment  of  rail  and  sleeper  was  obtainable. 
Tliu  tool  was  first  nsed  on  the  Greenwich  lines,  but  so  universally 
hi  it  come  into  use  that  it  may  be  seen  wherever  a  tramway  is  being 
CQostracted  or  repaired. 

Since  these  side  fasteners  were  first  introduced,  many  modifications 
of  them  have  been  attempted.  Figs.  13  and  14,  Plate  15,  represent 
t  fotm  designed  by  Mr.  H.  T.  McNeale,  and  used  at  Eouen.  The 
lothor  considers  this  form  a  good  one ;  but,  unless  considerable 
play  be  allowed  to  the  pins  of  the  fastener  within  the  holes  in 
the  rails,  trouble  will  be  caused  by  the  expansion  and  contraction 
of  the  rails  under  varying  temperatures. 

The  greater  portion  of  the  Pimlico,  Peckham,  and  Greenwich 
lioes  were  laid  with  transverse  sleepers  of  the  same  section  as  the 
longitodinaLs — 1  in.  by  6  in. — laid  on  the  flat  and  secured  to  the 
longitodiDal  sleeper  by  means  of  brackets,  as  shown  in  Fig.  15, 
Plftte  16.  The  principal  objection  to  these  brackets  is  that  they 
iiMeadtate  the  cutting  back  of  the  side  of  the  paving  stones  wherever 
they  occur,  to  enable  the  upper  surface  of  the  stone  to  come  close 
ttp  to  the  rail.  Hence  the  stone  is  more  or  less  pyramidal  in  form, 
tad,  standing  on  its  apex,  is  very  liable  to  rock ;  the  result  is  that 
every  here  and  there  there  is  a  loose  stone  adjoining  the  rail,  giving 
an  tnudghtly  appearance  to  the  road,  and  admitting  water  to  percolate 
^^^'OQgh  to  the  foundation. 

hi  Paria  the  author  laid  some  miles  of  rail  to  the  section  in 
%  16,  which  is  still  weaker  than  Fig.  2,  and  perhaps  the  worst 
Ketion  he  has  ever  seen.  By  persistently  advocating  a  change,  he 
utimttelj  induced  the  municipal  authorities  to  use  a  rail  of  the 
*^<^  shown  in  Fig.  17 ;  and  these,  in  steel,  are  the  rails  now  in 
^  It  would  scarcely  be  supposed  that  the  section  in  Fig.  16 
^^  have  been  adopted  after  the  section  in  Figs.  10  and  11  had 
*^^y  been  in  use ;  but  so  it  is,  and  the  former  section  is  even 
^^  ^wn  on  one  road,  where  steam  traction  is  used.  While  such 
^  ^  case,  but  little  surprise  need  be  felt  if  bad  accounts  of  the 
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suooess  of  steam  power  reach  ns  from  Paris.  In  this  instance  soi 
at  least,  if  not  all,  of  the  blame  may  be  laid  to  the  permane 
way.  Even  the  section  of  steel  rail.  Fig.  17,  is  light  to  r 
loGomotiYes  over ;  but  the  author  was  limited  to  42  lbs.  per  mei 
run. 

One  unavoidable  element  of  weakness,  on  every  road  along  whi 
a  tramway  runs,  lies  in  the  fact  that  there  is  everywhere  a  oontiniu 
unbroken  joint  between  the  rail  and  the  pitching,  lying  in  a  li 
with  all  the  trafi&o  of  the  highway.  This  has  been  the  cause  of  c 
of  the  most  irritating  inconveniencies  yet  met  with  in  connecti 
with  street  tramways,  so  far  as  they  afifect  the  ordinary  traffic  of  t 
road.  In  spite  of  the  greatest  care  in  paving,  the  stones  immedial 
adjoining  the  rail  sink  in  places,  allowing  the  rail  to  peep  up  ab 
the  surface  of  the  road.  Now  the  slight  sinking  of  one  or  a  do: 
stones  from  their  normal  level,  in  the  middle  of  a  wide  paved  stn 
is  in  itself  of  comparatively  little  moment,  and  would  only  si 
a  slight  depression  in  wet  weather ;  but  when  a  straight  and  1( 
iron  rail  runs  through  the  centre  of  such  a  depression,  ev 
carriage  or  vehicle  crossing  the  spot,  at  any  angle  short  of  a  li 
angle,  will  be  most  unpleasantly  skidded  or  slung  more  or  less 
of  its  course.  This  occurs,  however  small  the  difference  betn 
the  level  of  rail  and  stones  may  be,  a  quarter  of  an  inch  be 
quite  sufficient  to  constitute  a  grave  fault. 

Lar8en*8  improved  System  for  Steam   TrcKtion, — The    time 
now  come  when  tramways  about  to  be  constructed  will  have  ii 
designed  for  the  possible  contingency  of  using  steam  traotiaii 
them,  even  where  at  present  its  use  may  not  be  contemplated. 

In  view  of  this  necessity  the  author  in  his  latest  practice 
adopted  the  system  of  construction  shown  in  Figs.  18  and  19,  Plate 
which  are  an  elevation  and  section  of  a  rail  and  of  a  continuous  wroQ| 
iron  girder  sleeper.  The  rail  A  is  of  the  ordinary  section  km 
as  Larson's  rail,  the  side  flanges  being  punched  precisely  as  n 
first  introduced  for  use  with  timber  sleepers.  This  rail  is  seei 
to  the  top  of  the  sleeper  by  a  side  fastener  in  the  form  of  a  hook- 
B,  having  one  end  simply  turned  over  at  a  right  angle^  and 
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otber  end  screwed  for  a  nnt.  Between  the  web  of  the  rail  and 
t^  oentnl  web  of  the  sleeper  there  is  a  filling  piece  of  cast  iron  I, 
mde  with  a  slot  or  groove  down  its  outer  side,  in  which  the  hook-bolt 
hok  The  hook-bolt  is  first  inserted  through  the  rail  flange  from  the 
ittflde;  this  filling  piece  is  then  slipped  up  behind  it,  and  a  lock 
urt  Krewed  on ;  and  the  rail  is  thus  secured  to  the  girder  in  a 
numer  as  rapid  and  easy  of  accomplishment  as  it  is  secure  and 

The  base-plate  D  may  be  made  as  wide  as  desired ;  but  by  making 
it  wide  CDoagh  to  form  a  good  broken  joint  with  the  first  paving  sett, 
•Bple  bese  area  will  be  secured  for  the  stability  of  the  tramway  rail, 
bfliag  in  hci  nearly  three  times  that  of  the  earlier  systems.  The 
coatmnity  of  the  rail  and  sleeper  is  secured  by  making  rail,  sleeper, 
•nd  btae-plate  all  break  joint  Fish-plates  are  unnecessary,  inasmuch 
M  the  base-plate  forms  an  effective  fish-plate  for  the  girder  sleeper, 
and  Ais  again  for  the  rail;  so  that,  due  attention  being  given  in 
fint  eoostmetion,  a  fetulty  or  loose  joint  is  impossible,  imless  the 
nil,  girder,  and  base-plate  should  all  be  broken  completely  through. 
I^KM  joints  at  the  ends  of  rails  are  common  faults  with  the  light 
eeetioQs  used  in  Paris,  and  are  due  to  the  difficulty  in  fishing,  and 
ebo  to  the  fiust  of  there  being  no  concrete  substratum. 

It  will  be  seen  by  Fig.  19  that  the  paving,  or  road  metalling,  can 
^  Ud  dose  to  the  rail  throughout  the  whole  length,  there  being  no 
P>^9^ctioii,  however  trifling,  such  as  exists  in  the  case  where  shoes 
or  bmekieti  are  used.  The  advantage  derived  from  having  nothing 
pnjeeting  outside  the  rail  is  a  substantial  one ;  the  evils  resulting  from 
ha?i]|g  (o  cut  the  under  side  of  the  stones  have  already  been  noticed, 
^  wt  abo  dwelt  upon  by  Mr.  Bobinson  Souttar  in  a  paper  read 
^'^  the  Institution  of  Civil  Engineers  (Proceedings,  vol.  L.,  p.  4) 
^hoa  eritidsing  the  author's  side  fasteners  and  the  method  of  securing 
^^  Kr.  Souttar  proposes  to  remedy  this  defect  by  having  the 
^  n>l]ed  with  the  flanges  set  back  towards  the  centre  f  in.  on  each 
"^or  by  a  distance  equal  to  the  thickness  of  the  side  fastener. 
*^  method  however  practically  makes  the  under  side  of  the  rail 
i^kiB  in  width  than  the  top.  Now  although  it  is  very  possible 
^  ^  would  make  no  great  difference  to  the  stability  of  the  rail, 
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nevertheless  it  is  at  least  a  step  in  the  wrong  direction, 
removing  one  evil  by  substituting  another,  perhaps  a  UtUe 
objectionable.     Other  conditions  remaining  equal,  if  the  base  o 
rail  could  be  made  f  in.  wider  than  the  top,  a  decided  adva 
would  be  gaiued. 

The  wide  base-plate  in  the  author's  system  keeps  the  p 
alongside  the  rail  quite  sound,  and  prevents  that  deposit  of 
and  slush  which  is  now  so  commonly  seen  on  either  side  o! 
rail,  and  which  is  continually  working  down,  and  rotting  or  iigi 
the  foundation  of  the  road.  Between  the  rail  and  sleeper  a  ] 
of  tarred  felt  or  similar  material  is  inserted  throughout  the  n 
length,  to  give  a  little  elasticity,  and  make  a  good  joint, 
bearing  against  iron  is  always  objectionable,  unless  the  piece 
riveted  together,  as  in  the  case  of  the  base-plate. 

In  the  author's  opinion  the  arguments  used  in  support 
timber  longitudinal  sleeper,  on  account  of  its  superior  elasti 
rest  upon  wrong  premises.  It  has  often  been  urged  thai 
experience  with  railways  has  proved  the  superiority  of  an  el 
over  a  non-elastic  road,  and  that  a  tramway  being  really  a  rail 
the  same  necessity  exists.  A  moment's  consideration  will  shoi 
absurdity  of  the  comparison.  A  railroad  has  frequently  an  ei 
weighing  30  to  40  tons  dashing  over  it  at  50  or  more  miles  per  I 
wliile  an  excessive  weight  and  speed  on  a  tramway  would 
tons  and  8  miles  per  hour.  Now  assume  the  case  of  a  oompl 
non-elastic  road,  and  on  it  a  sharp  inequality,  such  for  instaiu 
would  be  produced  by  the  end  of  a  rail  being  packed  up 
above  the  adjoining  rail.  Then  the  heavy  and  fast  engine  f 
either  beat  down  the  obstruction  at  one  blow,  or  else  would 
clean  off  the  rails ;  while  the  light  and  slow  engine  would  pi 
with  a  slight  shock  or  jolt  and  nothing  more.  The  author  boU 
the  contrary  that  a  tramway  should  be  more  rigid  than  a  zail 
for  the  reason  that  it  should  approximate,  as  nearly  as  may  1 
the  condition  of  the  highway  adjoining  it. 

The  author's  system  is  particularly  adapted  for  steam  tnustii 
the  girder  sleeper  most  effectually  fishes  the  rails,  and  a  gcx>d  jm 
of  rail  to  rail  is  a  sine  qua  non  for  any  mechanical  meUi 
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kalige.    With  the  section  of  rail  under  consideration,  and  with 

timher  sleepers,  a    good  fishing    of   the   rail-ends  is  not  easily 

leoonplished ;  and  this  is  one  of  the  weak  points  in  most  existing 

Unen    The  adyantage  of   having  no  perishable  material  bnried 

BDdagroimd  is  so  evident  as  to  require  no  comment.    When  the 

nOi  require  renewing,  they  alone  will  need  to  be  disturbed ;   the 

ttooete,  if  good  when  first  laid,  will  be  better  twenty  years  afterwards. 

Figv.  20  and  21,  Plate  16,  show  other  rails  and  sleepers,  differing 

IB  netion,  fitftenings,  &C.,  but  each  embodying  the  same  system  of 

eoostniction,  namely  a  continuous  rail  and  a  wrought-iron  or  steel 

gilder  deeper,  with  wide  base-plate  extending  underneath  the  adjoining 

Barka^s  Sf^tlem. — Figs.  22  and  23,  Plate  17,  represent  the  system 
d  tnmwsy  construction  introduced  by  Mr.  B.  Barker.  This,  like  the 
•ndior^s,  has  an  extended  base  beneath  the  adjoining  paving,  but  the 
de^en  are  of  cast  iron  and  are  necessarily  in  shorter  lengths. 
Hhj  tie  specified  to  be  **  of  such  lengths  compared  with  the  lengths 
of  tiw  wrought-iron  or  steel  rails  as  will  ensure  the  joint  in  the  rails 
•litjB  ooonrring  in  one  of  the  castings.  Thus  if  all  the  castings 
•re  ibee  feet  in  length,  the  rails  may  be  nine,  twelve,  fifteen,  eighteen, 
traty-one  and  twenty-four  feet  in  length,  and  in  this  case  a  rail 
joint  will  always  occur  in  the  centre  of  a  casting.''  By  this  it  appears 
tkt  three  feet  is  considered  a  convenient  length  for  the  sleepers,  and 
^  would  especially  be  the  case  on  curves,  since  separate  castings 
^^ovld  otherwise  have  to  be  made  for  each  radius.  The  use  of  cast 
iron,  and  the  necessarily  short  lengths,  are  the  only  apparent  objections 
to  ftif  otherwise  excellent  system. 

The  section,  Fig.  23,  shows  the  method  of  securing  the  rail  to  the 
B^ler.  The  taper  key  or  cotter  C  passes  through  a  hole  cast  in  the 
B^ier,  and  through  a  corresponding  hole  in  the  central  web  of  the  rail. 

Ootean'j  Sys<6m.— Figs.  24  and  25,  Plate  17,  show  Mr.  Gowan's 
"Ttot  This  consists  of  a  simple  fiat-bottomed  rail,  with  the  web  deep 
<&oogh  for  the  foot  or  base  to  reach  below  the  paving,  and  with  this  foot 
'oUedwide  enough  to  constitute  a  foundation  for  the  concrete  or 
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paving  setts  on  either  side  of  the  ndl.  The  web  is  perfoiatei 
intervals,  Fig.  24,  which,  in  the  case  of  a  tramway  laid  in  cemei] 
concrete,  enables  the  cement  or  concrete  to  be  filled  into  the  openi 
thereby  binding  the  whole  together,  and  keeping  the  rails  boti 
line  and  leveL  No  method  of  fishing  is  shown,  as  it  is  obvious 
with  this  section  a  most  perfect  junction  of  rail  to  rail  can  be  ei 
obtained.  Mr.  Gk>wan  describes  several  methods.  The  only  appt 
objections  to  this  system  are  the  great  first  cost,  doe  to  the  difBco 
of  mannfjEMstnre,  and  the  &ct  that  when  the  rail  sorfiMM  is  worn 
the  whole  requires  renewing.  The  rails  seen  by  the  aathor  had 
grooves  planed  oat  of  the  solid,  and  the  perforations  throagh  the 
drilled  ont ;  consequently  the  cost  for  labour  in  manufiftcture  o 
not  but  be  large.  With  regard  to  the  second  objection,  not 
must  the  whole  substructure  be  renewed,  but  the  taking  il 
necessitates  the  disturbance  of  the  concrete  foundation  in  which 
embedded. 

Aldred'a  System. — Figs.  26  and  27,  Plate  17,  show  the  construe 
introduced  by  Mr.  Aldred.  The  rail  is  made  in  two  pieces,  not  rii 
together,  but  of  such  a  form  that,  when  keyed  in  the  chairs  A, 
may  be  said  to  be  dovetailed  together,  the  combination  formii 
reversible  or  double-headed  ndL  These  rails  require  no  pune 
or  drilling  of  holes  for  fishing ;  their  peculiar  shape  enables  the 
be  dropped  into  their  place  within  the  jaws  of  the  chair,  and  oi 
wooden  key  B  being  driven  securely  home  they  are  firmly  he! 
position.  The  rail  is  laid  on  timber  cross  sleepers,  and  is  so  far 
to  the  objection  of  being  laid  on  a  perishable  material ;  there  is 
no  base-plate  to  support  the  adjacent  paving  stones.  At  each  < 
the  paving  stone  on  either  side  of  the  rail  has  to  be  cut  or  dre 
the  objection  to  which  has  been  previously  pointed  out.  Win 
the  advantage  of  a  double-headed  rail  is  sufficient  to  compensat 
the  extra  weight  of  metal  to  be  laid  down  in  the  first  instance 
moot  point.  For  railways,  at  all  events,  the  double-headed  n 
not  looked  upon  so  fiftvourably  now  as  it  was  some  years  ago. 

WifAi^B  Sjfitem.^FigR.  28  and  29,  Plate  18,  represent  Mr.  Wii 
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ijitei.  It  is  somewhat  siinilar  to  Mr.  Gowan's,  but  some  of  the 
Mcolties  of  making  are  sncoessfiilly  grappled  with ;  the  base  or 
hdi  k  not  so  wide,  the  rail  being  mounted  on  a  base-plate.  This 
tpkm  hss  also  been  nsed  without  a  wide  base-plate,  the  rail  being 
Ud  OB  eross  sleepers  and  spiked  down  with  dog  spikes,  like  an 
oidiaaiy  contnustor^s  road.  The  inner  edge  of  the  rail  A,  Fig.  29, 
imUed  flat  in  the  bar,  as  shown  dotted,  and  is  afterwards  tamed 
ip  idiHe  hot,  as  shown  fdlL  This  saves  planing  ont  the  groove,  bnt 
ituj  be  i  question  whether  it  does  not  tend  to  weaken  the  rail  in 
iM  is  already  a  weak  part.  It  is  a  oommon  cause  of  fiidlnre  for  a 
ail  to  ^lit  along  the  bottom  of  the  groove,  and  this  tendency  is 
ugMntad  by  the  action  of  the  tramcar  wheeL 

Tlie  flange  of  a  tramcar  wheel,  having  to  travel  continually  round 
Aaip  corves^  becomes  worn,  by  friction  against  the  sides  of  the  groove 
istiiAitil,  to  the  shape  shown  in  Fig.  30 ;  while  the  tread  of  the  wheel 
iod  the  top  of  the  rail  are  also  worn  down,  till  the  flange  bears  on 
the  bottom  of  the  groove.  The  flange  then  acts  in  a  similar  manner 
toiisfolving  cutter  in  a  tabe-cutting  wrench,  especially  with  chilled 

*  ^leeb.  The  author  has  taken  up  many  rails  split  along  in  this 
oamiflr.    To  delay  the  operation  of  this  cause,  the  brake-blocks  on 

^  tniDous  are  now  made  of  iron,  and  so  arranged  as  to  bear  on  the 
fliogBaas  well  as  on  the  treads  of  the  wheels,  and  thus  to  wear 
^  ianges  down  also ;  but  if  once  the  top  of  the  rail  is  worn  down 

« 

u  vxj  part  sufficiently  to  allow  the  flange  to  bottom  the  groove,  a 
KBiy  short  time  suffices  to  destroy  the  rail  in  the  manner  indicated. 

tackiimm^M  SytteuL — Figs.  81  and  82,  Plate  18,  show  one  form 

of  Hr.   Ifackisson's    construction.     This  consists  of  a   cast-iron 

'oogitodinal  sleeper,  with  broad  base-plate,  the  principal  novelty 

^g  in  the  method  of  securing  the  rail  to  the  sleeper.    It  will  be 

"^  that  the  rail  has  a  central  web  of  a  dovetail  shape,  which  is 

'^ored  in  a  groove  cast  in  the  sleeper,  by  means  of  keys  driven  at 

Uiteryab  along  its  length.    Mr.  Mackisson  describes  several  other 

teetunia,  sod  methods  of  fastening  them  to  the  sleeper,  but  the 

9BDefil  oonstmotion  is  the  same.    In  Figs.  81  and  82  the  keys  A 

Ub  dropped  into  the  groove  in  the  cast-iron  sleeper,  through  slots  B 
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ont  in  the  bottom  of  the  groove  in  the  rail,  and  are  then  driven  1 
with  a  drift  The  long  slot  necessary  to  drop  the  key  through  ii 
in  the  Anther's  opinion,  weaken  the  rail  in  what  is  already 
weakest  part.  Figs.  33  and  34,  Plate  18,  are  different  sectioi] 
reversible  rails,  so  arranged  that  the  snrfaoes  in  and  ont  of  nsi 
at  right  angles  to  each  other  or  nearly  so.  The  manufaotin 
such  sections  seems  likely  to  present  much  difficulty ;  and  with  re 
to  the  sleepers  there  is  the  objection  before  alluded  to,  namely 
being  in  cast  iron  they  are  necessarily  in  short  lengths* 

Oeneral  Conduaions. — The  author  has  now  briefly  noticed  the  1 
methods  of  tramway  construction,  having  for  their  object  the  rem 
of  various  defects  indicated  by  experience,  and  also  designed  to  i 
the  requirements  of  steam  traction.  There  are  many  other  bjb 
which  are  better  known  than  those  selected,  but  they  do  not  so 
meet  these  latter  requirements,  and  therefore  need  not  be  d 
upon.  None  of  the  methods  described  in  this  paper  have  been  '. 
enough  in  use  as  yet  to  enable  a  complete  comparison  to  be  mac 
their  merits.  They  all  possess  good  qualities  in  different  direct! 
and  no  doubt  will  in  each  case  be  found  to  remedy  some  of 
defects  with  which  experience  has  made  us  acquainted. 

The  author  has  throughout  referred  to  steam  alone  as  a  mc 
power  for  tramways ;  and  for  the  reason  that  according  to  our  pre 
knowledge  it  is  the  only  available  power.  Compressed  air  ans^ 
admirably  in  every  way  except  one,  but  that  one  most  efifeotii 
shuts  it  out  from  all  competition  with  steam.  Where  oompre 
air  is  used  as  a  motive  power,  principally  in  underground  operaii 
it  has  been  found  by  experiment  that  the  resultant  efficiency  oi 
working  engine,  as  compared  with  the  air-compressing  engine,  ra 
exceeds  80  per  cent.  Consequently  the  difference  in  cost,  undei 
most  favourable  conditions,  will  be  as  8  to  1  against  compressed 
This  difference  is  sufficient  to  justify  us  for  the  present  in  discan 
the  idea  of  compressed  air,  as  a  motor  for  tramway  purposes, 
same  objections  apply,  though  not  perhaps  to  the  same  exteni 
the  hot-water  <»*  fireless  engine,  invented  by  Dr.  Lamm  of  Amei 
Several  modifications  of  this  type  have  been  tried  with  vai] 
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The  chief  reason  that  its  use  has  not  been  extended  is 
doabtien  the  financial  difficulty ;  and  even  with  steam  traction,  it 
aat  fint  be  satisfftctorily  demonstrated  that  it  is  cheaper  than  horse- 
power, and  it  will  then  become  practically  imiversal. 

At  no  Terj  distant  date,  in  the  author's  opinion,  horse  tramways 
win  be  the  exception  and  steam  tramways  the  rule ;  and  for  this 
maon,  amongst  others,  namely  the  superiority  of  steam  as  regards 
mfefy  to  the  ordinary  traffic.  The  author  is  aware  that  just  the 
eoDTene  of  this  is  now  urged  by  many  persons ;  but  in  this,  as  in 
everything  else  since  the  beginning  of  time,  the  majority  of  to-day 
beeomes,  by  the  spread  of  knowledge  and  the  light  of  experience,  the 
■inority  of  to-morrow. 

The  following  is  the  comparative  net  cost  of  the  different  systems 
^Moibed,  each  taken  per  mile  run  of  single  line.  These  figures  are 
ttliiDited  for  permanent-way  materials  only,  and  do  not  include  cost 
of  lijin^  or  of  paving,  concrete,  &c. : — 


OidiiMury  line,  timber  longitudinal  and  cross  slcopers  . 
Lftraen's  Bystem,  wrought-iron  sleeper,  and  ba:)e-plate 
Barker's  system,  cast-iron  sleeper,  .... 
Gowan's  system,  wroaght-iron,  ..... 
Aldred's  system*  chairs,  and  timber  cross  sleepers 
Winby's  system,  wrought-iron,  with  base-plate  . 

m*8  system^  cast-iron  sleeper,  with  base-plate 


£ 

1150 

1400 

(') 

1.55G 

1760 

1100 

C) 

1550 

O 

1600 

With  leepect  to  the  comparative  cost  of  steam  and  horse- 
power, the  first  has  not  been  in  operation  long  enough  to  give 
leHahle  and  accurate  data  respecting  the  cost  of  maintenance 
of  tramway  engines ;  and  moreover  this  is  an  item  which,  with 
improred  permanent  way  and  engines  carefully  designed,  will  bo 


(')  78J  tons  rails  (50  lbs.  per  yard)  at  £7  =  £549  10«.;  93  tons  sleepers  and 
btse-platM  at  £7  lOt.  =  £712  lOt. ;  smaU  materials,  &c.,  £138 ;  total  £1400. 

O  M  tons  rails  (60  lbs.  per  yard)  at  £7  =  £658;  30  tons  chairs  at  £5  lOt. 
=  £165;  1760  sleepers  at  2s.  6d.  =  £220 ;  keys,  spikes,  &c.,  £57 ;  total  £1100. 

(*)  121  tons  raila  (77  lbs.  per  yard)  at  £9  15«.  =  £1 179  15f . ;  47  tons  base-plates 
■t  £7  =  £329;-  small  materials,  &c.,  £41  5$. ;  total  £1550. 
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continually  decreasing.  The  author  believes  that,  if  the  roads 
been  better  in  the  first  instance,  steam  traction  would  have  < 
more  prominently  to  the  fore  than  it  has  as  yet ;  but  so  many  m 
ability  and  experience  are  now  devoting  their  energies  to  the  sol 
of  the  problem  of  applying  mechanical  power  to  tramways,  thi 
ultimate  success  is  assured. 

According  to  Mr.  D.  K.  Clark  (Railway  Machinery,  1855] 
resistance  to  traction  on  a  railway  may  be  as  low  as  6  lbs.  per 
If  this  is  the  case,  the  haulage  of  tramcars  over  grooved  rails 
never  be  accomplished  at  so  cheap  a  rate  as  those  prevailinj 
railways.  In  1870  the  author  made  a  series  of  experiments  on 
New  Cross  tramways,  using  a  dynamometer  to  register  the  resist 
to  traction ;  and  on  a  level  and  straight  road  in  good  oonditioo, 
under  favourable  circumstances,  the  resistance  was  as  mod 
18 '2  lbs.  per  ton,  or  about  three  times  the  force  necessary  ( 
railway  under  similarly  favourable  conditions. 

This  great  difference  in  the  traction  on  a  tramway,  as  comp 
with  a  railway,  may  be  in  some  measure  due  to  the  build  of  the  ( 
inasmuch  as  they  have  a  very  short  wheel-base,  and  oonside]^ 
overhanging  weight  at  either  end.  Engines  for  tramways,  especi 
the  earlier  ones,  have  also  been  made  usually  with  a  short  wl 
base ;  but  latterly  they  have  been  fitted  with  a  pair  of  small  lea( 
wheels,  and  with  very  good  results.  Doubtless  some  modificatio 
this  direction  will  take  place  in  the  wheel-base' of  the  car8,ai 
lower  resistance  to  traction  will  probably  then  be  observed. 

The  author  has  thus  brought  finally  into  view  what,  among 
defects  and  objections  admitted  or  supposed  to  exist  in  tramwftj 
the  greatest  of  all,  namely,  the  necessity  of  having  a  grooved 
level  with  the  siu*face  of  tbo  road.  The  exigencies  of  the  higli 
however  render  this  condition  an  absolute  necessity;  and  all 
energies  must  be  devoted  to  minimising  the  inconveniences  whi< 
inevitably  entails. 
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Discussion. 

Kr.  J.  G.  Lynds  said  there  was  one  point  in  this  very  exhanstive 

piper  to  which   he  should  like   to  direct  attention,    namely   the 

otimates  of  cost.    From  the  figures  given  at  the  commencement,  it 

would  appear  that  the  cost  of  tramways,  when  they  were  first  started, 

«tt  something  like  £7000  to  £10,000  per  mile ;  hut  the  estimates  at 

t])e  end  of  the  paper  varied,  at  present  prices,  from  £1100  to  £1760 

per  mile.     Those  last  estimates  did  not  of  course  include  the  paving 

kc^  while  the  first  estimates  did.   But,  as  far  as  he  knew,  the  cost  of 

paving  with  granite  was  ahout  £2000  per  mile ;  and  when  that  was 

added  to  the  latter  estimates,  it  would  still  he  found  that  the  tramways 

cost  originaUy  something  like  double  what  they  did  now.     Formerly, 

no  doahty  a  great  deal  of  money  was  spent  in  the  promotion   of 

eompanies,  which  was  not  the  case  at  present. 

He  quite  agreed  with  Mr.  Larsen  that  tramways  should  be  laid, 
not  on  the  elastic  principle,  like  railways,  but  on  the  rigid  principle, 
as  in  the  systems  which  were  now  being  adopted.  Continuous  iron 
bearinga,  whether  of  wrought  or  of  cast  iron,  should  be  adopted 
throoghoat,  and  no  perishable  material  should  be  laid  beneath  the 
waAce  of  the  ground.  But  one  point,  not  touched  upon  in  the 
paper,  was  the  tendency  to  torsion  in  the  rail  when  a  great  weight 
came  npon  it  on  one  side  of  the  centre  line,  as  was  the  case  when  an 
engine  was  nsed  on  tramways.  Therefore  it  was  necessary  that  some 
aopporfc  should  be  placed  directly  under  the  part  of  the  rail  upon 
which  the  weight  was  thrown.  That  was  one  of  the  reasons  why 
he  had  liimaftlf  adopted  Barker's  system,  of  which  he  had  laid  many 
miles  in  Manchester  and  its  suburbs,  Leeds,  Derby,  Edinburgh, 
Wallasey,  Patricroft,  and  other  places.  In  that  system.  Fig.  23, 
Plate  17,  there  was  a  cast-iron  wall  under  the  table  of  the  rail; 
and  thin  carried  the  weight  fairly  down  to  the  bottom  flange,  and 
so  on  to  the  foundation;  thus  there  was  no  tendency  to  torsion, 
and  no  vibrstion  when  the  weight  came  on,  such  as  occurred  with 
rails  having  a  web  in  the  middle.    Again,  with  the  middle  web 

T  2 
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the  top  of  the  rail,  being  only  3  in.  or  3^  in.  in  width,  had 
overhang  of  something  less  than  li^  in.  on  each  side,  to  be  filled  on 
with  concrete.  But  a  wall  of  concrete  1^  in.  thick  was  not  wc 
much,  and  the  vibration  of  the  centre  web  against  it  would  prevent 
ever  forming  a  strong  support  for  the  rail,  which  was  very  essen 
if  steam  was  to  be  used  on  tramways. 

A  base -plate  beneath  the  paving  stones  he  thought 
essential,  in  order  to  form  a  continuous  bearing  throughout  for 
first  course  of  paving  stones  alongside  the  rails.  In  one  of 
busiest  streets  in  Manchester  the  rails  and  paving  stones  had  t 
been  laid  perfectly  level  at  first,  and  they  had  never  cost  a  penn^i 
repairs :  they  had  been  down  three  years,  and  were  as  good  no? 
when  they  were  first  put  down.  This  was  at  the  foot  of  the  appro 
to  the  Victoria  Station,  where  there  was  an  immense  cross-traffic, 
only  a  single  line  of  rails.  He  regarded  that  as  a  very  import 
point,  because  the  repairs  of  the  paving  constituted  one  of  the  g 
nuisances  in  connection  with  tramways.  If  stones  could  get  v 
from  their  work,  they  would  ;  but  with  Barker's  system  there  wu 
upright  wall  of  iron  for  the  paviors  to  pave  up  to,  instead  of  1< 
concrete  or  whatever  else  might  be  used.  With  Growan's  sysi 
which  was  now  being  tried  in  Manchester,  they  were  putting  in  ta 
fill  up  the  1^  in.  space  on  each  side  the  web,  as  they  could 
manage  the  concrete.  That  system  had  an  advantage  in  being 
entire  steel  rail,  but  had  the  fault  that  the  weight  came  entirely 
one  side  of  the  centre  web. 

There  was  another  advantage  in  having  a  continuous  cast-: 
sleeper,  as  in  Barker's  system.  The  hollow  centre  of  the  sleeper 
filled  with  concrete,  merely  however  to  add  weight,  not  strenj 
but  that  weight  absorbed  the  vibration,  and  the  consequence  wm8 
the  trams  ran  very  easily  and  smoothly  on  it.  The  short  lengt' 
the  sleepers  was  objected  to  in  the  paper ;  but  he  himself  fonn 
an  immense  advantage,  as  the  lines  could  thus  be  easily  laid  re 
curves,  while  the  steel  rail  formed  a  complete  backbone  to  the  sys 
It  was  keyed  down  well  to  the  sleepers  at  intervals  of  18  inc 
BO  that  they  formed  one  continuous  piece  with  it.  In  makii 
connection   two   months    ago,  a  portion  of  Barker's  tramway 
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Detiugate,  Manchester,  had  io  be  taksD  np ;  and  it  was  so  solid  that 
the  sleepers  and  the  foundation,  which  was  a  thin  bedding  of  concrete, 
ttme  op  in  one  mass. 

In  the  estimate  on  page  201,  nothing  was  said  about  steel  rails  in 

fiirker's  system,  but  these  were  put  down  in  every  case ;  and  it  was 

Wdlj  fiur  to  compare  that  system  with  Gowan*s,  in  which  wrought 

iron,  not  steel,  was  used.     An  estimate  could  hardly  be  regarded  as 

iffording  a  £ur  comparison,  unless  the  same  material  were  used  in 

lN)(h  cases.   It  was  of  great  importance  to  look  forwards  to  the  future 

leptirs  of  tramways,  as  even  a  steel  rail  would  eveDtually  wear  and 

reqaire    renewal.      If  the    weight   of  the  rail   bore   only  a  small 

proportion  to  the  total  weight,  then  the  expense  of  renewal  was  redaced 

to  a  minimnm.  This  was  the  case  in  Barker's  system ;  but  in  Gowan's 

sod  similar  systems,  whether  wrought  iron  or  steel  were  used,  the 

whole  of  the  material  would  necessarily  become  scrap  when  worn  out, 

and  thus  entail  a  cost  for  repairs  nearly  equal  to  that  of  relaying  the 

line. 

He  might  mention  that,  in  the  tramways  he  had  laid  down,  the 
grooves  were  1  in.  wide,  and  the  tyres  of  the  wheels  were  chilled  cast- 
iroiL  The  nse  of  timber  beneath  the  rails  was  quite  out  of  date; 
and  the  simpler  and  fewer  the  parts  in  tramway  permanent  way  the 
better.  As  to  the  bearing  of  the  steel  rails  on  the  sleepers,  the 
paper  mentioned  a  layer  of  tarred  felt  as  being  inserted ;  but  in 
ICaocheater  they  just  took  a  tar  brush  and  brushed  over  the  groove  in 
the  sleeper  before  the  rail  was  slipped  into  it,  and  they  found  that  no 
other  bedding  was  necessary.  The  holes  for  the  bolts  were  squared, 
and  were  made  slightly  oblong  to  allow  for  expansion.  The  length  of 
the  sleepers  was  2  fL  11  in.  instead  of  3  ft.,  which  gave  an  inch  play 
for  the  rail  at  the  ends.    It  was  then  very  easy  to  key  the  rails  to 

them. 

In  concliision  he  would  give  the  prices  that  were  now  being  paid 
for  Barker's  system.  The  figures  given  in  the  paper  were  about 
correct,  bat  thej  varied  of  course  with  the  price  of  iron  and  steel. 
The  prices  at  present  were  as  follows  : — 
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Cast  of  one  mile  of  single  line  of  Tramway. 

£ 
53  tons  ateel  rails  (34  lbs.  per  yard)  at  £11  10«.,  say  610 

180  tons  cast-iron  sleepers  (114  lbs.  each)  at  £4  720 

Wrought-iron  keys   15 

1760  lineal  yards,  laying  line — including  opening  out  and  remoTing 

roadway,   preparing  concrete  bed  1    inch  thick,  and   fiUing 

underside  of  sleepers  with  concrete — at  35.  GJ.    308 

Cost  without  paving £1653 

4400  square  yards  best  Webh  granite  paving,  6  inches  deep,  on 
2-inch  bed  of  gravel,  racked  with  broken  granite,  and  nm 
with  asphalte  complete,  at  10.«.  Sd 2255 


Total  CJost,  including  paving £3908 


Mr.  B.  C.  Bapieb,  referriDg  to  Mr.  Lynde*s  remarks  on  the  ooet 
of  tramways,  would  vcntiire  to  suggest  that  the  first  cost  of  the 
permanent  way  for  a  tramway  was  an  item  of  the  least  possible 
consequence.  The  best  construction  for  a  tramway  was  of  great 
importance;  but  whether  it  cost  £1000,  £2000,  or  £3000  per  mile 
was  of  no  importance  at  all.  Mr.  Lynde  had  drawn  a  comparison 
between  the  cost  of  permaneut  way,  given  at  the  end  of  the  paper, 
varying  from  £1100  to  £1760  per  mile,  and  the  whole  capital 
account,  given  at  the  beginning  of  the  paper  as  being  £10,000  per 
mile,  ten  years  ago.  But  the  capital  of  a  tramway  company  indnded 
not  only  the  cost  of  its  permaneot  way  and  paving  &c.,  but,  what  was 
much  more  important,  the  cost  of  the  vehicles,  the  horses,  the  stables, 
the  depots,  and,  what  must  not  be  forgotten,  the  Parliamentary 
charges ;  so  that  if  £10,000  per  mile  was  the  average  capital  expended 
for  tramways,  the  cost  of  the  permanent  way  was  not  more  than  one- 
fifth  of  the  whole  cost  of  the  undertaking.  He  believed  thai  some 
tramways  in  London  cost  as  much  as  £17,000  per  mile  of  road  ;  but 
of  course  the  great  bulk  of  that  £17.000  must  be  connected  with  items 
of  expense  other  than  the  permanent  way. 

He  would  suggest  for  the  consideration  of  engineers  whether  they 
were  not  altogether  wrong  in  one  or  two  points  with  reference  to 
tramways^    A  great  effort  had  been  made  for  several  years  past  to  get 
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tbe  nil  M  narrow  as  possible,  the  idea  being  tbat  horses  were  apt  to 

slip  upon  iron  rails.  It  was  a  great  pity  that  such  a  fallacy  shonld  have 

been  80  implicitly  believed  for  so  long  a  time  ;  but  it  was  incumbent 

on  engineers  to  endeavour  to  get  rid  of  such  erroneous  ideas.     It 

was  dear  that  a  tramway  in  any  town  was  made  for  the  benefit  of  the 

inhabitants  of  that  town ;  and  the  more  the  tramway  could  be  used, 

the  better  for  those  inhabitants.    If  the  tramway  was  only  used  as  at 

present  by  about  one  vehicle  out  of  thirty-five,  while  the  road  was 

nude  simply  abominable  for  the  other  thirty-four  vehicles,  he  maintained 

tlut  that  was  not  first-rate  engineering.     Why  was  the  road  thus 

spoilt  for  all  other  vehicles  ?  Firstly,  because  the  rail  was  so  narrow ; 

and  secondly,  because  the  inevitable  joint  between  the  stones  and  the 

rails,  described  in  the  paper,  happened  to  be  so  near  the  gauge  of 

tbe  wheels  of  the  other  vehicles,  that  one  wheel  was  always  hugging 

the  groove  on  the  one  side,  while   the  other  wheel   rattled  about 

Moiewhere  near  the  joint  between  the  paving  stones  and  the  rail  on 

tile  other  side.     If  any  one  would  carefully  examine  the  condition  of 

the  paying  adjacent  to  the  rails  of  the  tramways  in  London,  he  would 

^  that  there  was  a  subsidiary  groove  worn  in  the  paving  stones, 

ilongnde  the  rails,  by  the  wheels  of  the  ordinary  traffic.   The  remedy 

for  both  these  evils,  in  his  opinion,  would  be  to  make  the  rails  wider. 

He  had  himself  laid  down  some  rails  of  considerable  width,  as  described 

^  Proceedings  Inst.  C.E.,  vol.  L.,  page  38.     The  principle  he  went 

opoQ  was  this :  that,  whatever  the  surface  of  the  tramway  was  made  of 

— whether  of  steel,  wrought  iron,  or  cast  iron — the  wearing  surface 

ought  to  be  wide  enough  to  take  the  wheels  of  any  vehicles  that  at 

^  approached   the  gauge  of  the  rail.     The  gauge  of  the  rail  was 

^  fi  8^  in.,  and  the  gauge  of  almost  all  other  vehicles  was  comprised 

^^een  4  ft.  7  in.  and  4  ft.  10  in. 

Reference  had  been  made  to  the  fact  that  the  success  of  steam 

^*^(m  had  been  very  much  delayed  by  the  imperfection  of  the 

J^^'Ujtnent  way.     He  submitted  that  the  permanent  way  should  be 

'^PJ'oved  by  having  more  of  it  in  quantity,  but  in  fewer  pieces.    For 

^**^  reasGfn  he  approved  of  Growan*s  system,  because  it  was  in  one 

^^famous  girder ;  and  although  originally  the  grooves  had  to  be 

^^ed  out,  he  believed  he  was  right  in  saying  that  that  was  no  longer 
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Decessary,  and  that  the  rails  were  dow  rolled  with  the  groove 
With  reference  to  Mr.  Lynde's  objections  to  the  1 J  in.  wall  oi 
on  each  side  of  the  rail  web,  he  did  not  apprehend  that  M 
supposed  his  rails  to  get  any  very  great  support  from  the  con 
was  simply  necessary  to  fill  in  the  space  with  some  ii 
material,  so  as  to  make  a  fair  joint  with  the  paving  stones. 

He  thoroughly  agreed  with  what  had  been  said  in  the  p 
it  was  useless  to  go  on  opposing  tramways.  He  himself  hal 
and  suffered  from  them  greatly,  especially  on  account  of  the  i 
and  severe  shaking  in  driving  along  a  road  laid  with  t 
That  state  of  things  was  discreditable,  because  engineers  ou 
something  better.  But  as  regarded  the  eventual  success  of  t 
and  of  steam  power  on  tramways,  he  thought  an  engineer  r 
very  little  faith  in  his  profession,  if  he  had  any  doubt  as  to  t 

With  respect  to  the  cost  of  compressed  air  on  tramways 
he  thought  the  author  had  overlooked  the  fact  that  a  small 
steam  engine  was  not  itself  a  very  economical  motor.  It  was 
an  open  question  whether  the  compressed-air  system  or  the  '. 
system  might  not  compare  favourably  with  the  steam-powe 
inasmuch  as  their  lower  efficiency  might  be  compensated  by  t] 
economy  of  the  stationary  boilers  in  use  at  the  depdt.  Wi 
to  the  necessity  or  desirability  of  making  the  tramway 
pieces,  he  might  mention  that  the  tramway  which  he  hi 
referred  to,  as  being  made  of  wide  plates  upon  concrete,  was  p 
in  one  piece  from  end  to  end,  t.e.  for  a  length  of  2^  miles. 

Mr.  John  Eobinson  pointed  oat  that  Mr.  Bapier  had 
given  no  reason  for  his  somewhat  surprising  statement  t 
was  no  difficulty  in  a  horse  passing  over  tramways  without 
provided  the  metal  was  not  too  narrow.  As  far  as  his  own  e 
went,  wherever  there  was  a  large  surface  of  metal,  esp 
wet,  or  covered  with  grease  or  mud,  there  was  the  greatest  • 
a  horse  of  slipping  upon  it.  With  regard  to  what  had  been 
reference  to  the  improvement  of  tramways,  he  had  boon 
with  the  experience  which  a  few  weeks'  driving  in  Manch 
lately  given  him ;  for  at  the  present  time  he  could  not  evei 
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wbere  the  imnway  wag,  unless  he  saw  it.  He  thought  one  of  the 
gieftieBt  saocesees  yet  aohieTed  in  tramways  was  that  in  Manchester 
there  was  now  a  tramway  which  was  almost  imperceptible.  That 
tnmwiy  was,  he  believed,  on  Barker's  system. 

Some    time    ago,    when    the    Corporation    of  Manchester  was 

proposiDg  to  lay  down  tramways  in  the  streets,  he  was  called  upon  by 

Mi.Ljude  to   give  his  opinion — ^not  as  having  had  experience  in 

tEimways,  bat  as  to  the  general  construction  of  a  road  which  should 

be  most  eoonomical  in  the  first  instance,  and  (what,  as  Mr.  Eapier  had 

obnrred,  was  of  far  greater  importance)  should  afterwards  require 

the  least  amount  of  repair.     Nevertheless  he  did  not  quite  concur  in 

Kr.Ri^ier^s  idea,  that,  because  a  rail  could  be  got  in  one  piece, 

therefore  the  faoilitiefl  which  Barker's  composite  system  seemed  to  give 

■hoold  be  thrown  away.    First  of  all,  in  Barker's  system  there  was  a 

▼eiy  etflj  mode  of  paving  up  to  the  side  of  the  tramway.    It  would  be 

nea  bj  Fig.  23,  Plate  17,  that  the  system  consisted  of  a  flat  rail  with 

aeeotral  rib^  oonneoted  with  a  series  of  cast-iron  sleepers,  the  whole 

pnmting  a  very  square  side,  up  to  which  the  paving  stones  could  be 

hnraght  quite  close  ;  and  the  result  was  that  in  Manchester  the  rail  was, 

tthebad  said,  almost  imperceptible  when  driving  over  ii     There 

VM  besides  the  great  advantage  that  if  the  steel  rail  became  cut  and 

iplit,  in  the  way  described  in  the  paper,  by  the  action  of  the  wheels, 

it  WIS  possible,  by  simply  removing  the  adjacent  blocks,  to  take  away 

the  lail  and  replace  it  with  a  new  one.     If,  when  a  rail  had  to  be 

ehiog^  it  was  necessary  to  take  up  the  whole  road,  disturbing  the 

ooQorete  and  the  pavement,  that  was  a  much  more  serious  affair ;  and 

Jttiotically  a  road  made  in  that  way  would  be  left  to  go  very  much  longer 

>fter  it  needed  repair  than  a  road  made  on  Barker's  system,  because  of 

the  greater  ease  with  which  the  latter  oould  be  taken  up  and  the 

111  changed.     He  was  by  no  means  disposed  to  say  that  in  Barker's 

ijftem  they  had  arrived  at  something  which  was  final,  for  he  hoped 

they  would  still  go  on  with  improvements ;  but  he  thought  for  the 

JKresent  it  met  the  general  requirements  of  the  public. 

He  was  surprised  to  find  from  the  paper  how  inadequate  the  Paris 
trMnways  had  been  to  the  requirements  of  steam  traction.  The 
tnmways  hftd  been  treated,  as  Frenchmen  were  liable  to  treat  things, 
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Ly  brlDgiDg  them  down  to  the  very  TniTiiimim  of  reqnireiiM 
Nothing  could  be  worse  for  a  steam  tramway  than  the  shape  of 
rails  which  had  been  laid  down  in  Paris.  He  therefore  hoped 
the  difficulties  which  had  been  experienced  in  Paris  by  Mr.  L] 
Holt,  whom  he  was  glad  to  see  present,  and  by  others,  in  regai 
the  use  of  tramway  engines,  wonld  be  very  mnch  lessened  when 
began  to  be  used  on  such  rails  as  had  been  laid  down  in  Mancbs 
They  would  then  have  a  very  good  and  substantial  road,  and  i 
would  not  be  any  necessity  for  doing  what  the  author  had  desoi 
with  approval,  viz.  adding  a  pair  of  small  trailing  or  leading  w] 
on  the  engine.  He  thought  any  locomotive  engineer  would  say 
this  would  have  a  very  bad  result ;  not  because  it  did  not  relieve 
weight  upon  the  other  part  of  the  engine,  but  because  it  adde 
materially  to  the  friction  of  the  engine  in  working  along  the  str 
and  passiug  round  curves.  On  the  contrary,  a  short  wheel-base 
needed ;  but  it  should  always  be  remembered  that  the  limit  of 
weight  upon  any  pair  of  wheels  was  not  determined  by  the  engine, 
by  the  carrying  power  of  the  road ;  therefore,  if  they  had  as  go 
road  as  that  which  he  believed  Barker's  to  be,  they  could  prob 
do  without  the  third  pair  of  wheels,  working  the  traffic  wil 
four-wheeled  engine,  which  facilitated  getting  round  curves, 
availing  themselves  of  the  whole  weight  of  the  engine  to  give  adhe 
for  drawing  the  tramcar,  which,  with  a  greasy  surface  like 
presented  by  street  tramways,  was  a  most  important  point. 

He  observed  that  the  proportion  of  the  frictional  resistance  i 
tramways  to  that  on  railways,  according  to  page  202  of  the  pi 
was  very  much  what  he  had  himself  anticipated  when  discussing 
question  in  Glasgow  last  year  (Proceedings  1879,  p.  402).  Lool 
at  the  very  much  higher  amount  of  friction  on  tramways,  he 
sure  that,  whenever  in  country  places  it  was  possible  to  estdi 
railways  with  raised  rails,  instead  of  tramways,  that  course  wool 
permanently  economical ;  but  in  towns  it  was  of  course  neoessai 
have  tramways. 

Mr.  Bapibb  explained  that  by  a  wide  rail  he  meant  a  rail  at ! 
wide  enough  for  a  horse  to  plant  the  whole  of  his  shoe  upon.  He 
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not  alone  in  the  opinion  he  had  expressed  about  horses  not  slipping 
apoD  iron  surfaces  if  sufficiently  wide.  He  had  lately  had  some 
MOTemtion  with  Mr.  George  Hopkins,  who  had  had  very  great 
experience  in  tramways,  and  he  was  very  much  mistaken  if  that 
gentleman  was  not  of  opinion  that  an  iron  surface  was  less  slippery 
tbiQ  granite. 

Mr.  A.  Paoit  said  it  so  happened  that  he  had  in  his  works  a 

gnnite  surface  oyer  which  horses  had  to  pass.     The  blocks  were  about 

9  in.  wide  and  3  ft  long.     On  fine  days  he  should  say  that  a  horse 

[       vodd  stand  as  good  a  chance  of  keeping  his  footing  on  ice  as  on 

I       tint  granite.    He  also  had  some  experience  of  iron  plates  about  9  in. 

I       wide;  and  he  was  sure  that  on  a  fine  day,  when  the  surface  was 

bright  with  constant  traffic,  it  was  more  slippery  than  ice.     It  was 

Bot  the  same  when  it  was  covered  with  mud,  as  it  was  then  gritty, 

lod  there  was  not  so  much  slipping.     The  iron  was  more  slippery 

tbin  the  granite.     The  granite  pitching  in  ordinary  use  was  not  a 

flit  snr&oe,  but  a  number  of  narrow  irregular  edgo  surfaces  with 

grooves  between ;  and  this  did  not  cause  horses  to  slip  so  much. 

Mr.  Rapixb  said  that  on  the  wide  tramway  he  had  alluded  to,  which 

liad  been  in  use  for  nine  years,  there  was  no  instance  on  record  of  a 

lone  erer  having  fallen.    The  traffic  along  it  was  continuous,  and  the 

hmes  Boaght  the  tramway  of  their  own  accord  ;  in  fact  in  one  place 

I  chain  had  to  be  put  up  to  prevent  their  going  upon  it  where  they 

were  not  allowed.   This  was  the  Quayside  tramway,  Glasgow :  the  rails 

were  of  cast  iron,  10  in.  wide,  with  a  central  groove ;  and  it  was  worked 

bj  horse  traction,  not  by  steam  power.    Figs.  35  and  36,  Plate  18, 

were  Ulnstrations  of  the  two  forms  in  use  :  the  broader  one,  Fig.  35, 

VIS  on  the  public  quays,  and  was  chiefly  used  by  ordinary  vehicles 

without  flanged  wheels ;  whilst  the  narrower  type.  Fig.  36,  was  used 

wlien  the  tramway  was  intended  for  flanged  wheels  only.     The  cost  of 

the  broad  tramway  was  about  £500  pei*  mile  more  than  that  of  other 

trunways,  but  its  cost  for  maintenance,  during  nine  years  of  incessant 

traffic,  had  been  nil.    The   cast-iron  blocks  were   about  9  in.  deep, 

boUow  on  the  underside,  and  chilled  on  the  top.     They  were  cast  in 
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lengths  of  5  feet,  and  a  fe^  days  before  they  were  fixed  they  we 
filled  with  concrete ;  the  ends  of  the  castings  also  were  not  entire 
closed,  so  that  when  the  blocks  were  fixed  and  oemented  to  tb 
concrete  bed,  the  concrete  in  adjacent  blocks  also  became  united,  i 
this  together  with  the  bed  really  formed  one  continuous  piece.  Tb 
was  no  difficulty  from  expansion  and  contraction:  it  would  app< 
that  the  great  extent  of  surface  in  contact  with  the  earth  passed 
the  heat  of  the  sun  as  rapidly  as  the  exposed  surface  absorbed  it 

Mr.  T.  R.  Crampton  observed  that  the  Institution  had  preTiom 

discussed  the  tramway  question  with  regard  to  engines,  and  i 

impression  was  now,  as  it  was  then,  that  the  matter  of  the  engme  i 

extremely  simple ;  what  was  wanted  was  a  solid  road  to  put  it  on.  If  i 

road  was  sufficiently  solid  to  stand  the  wear  and  tear  of  the  ordiu 

street  traffic  running  upon  it,  it  would  be  strong  enough  for  i 

locomotive.     To  obtain  that  strength  and  solidity,  the  principal  thi 

was  a  solid  bottom,  taking  care  to  have  the  stone  pitching  set  doe 

and  solidly  against  the  iron  structure,  and  to  keep  all  the  strains  i 

vertical  direction,  preventing  all  vibration  along  the  lines  of  juoet 

between  the  rails  and  the  stones.  Looking  at  Barker^s  system.  Fig. 

Plate  17,  from  that  point  of  view,  it  seemed  to  offer  many  advanti 

as  compared  with  Mr.  Larson's  system.  Figs.  20  and  21.     The  i 

action  of  the  traffic,  which  was  of  a  tremulous  nature,  must  tend 

force  apart  all  the  connections  in  the  latter  system ;  and  he  die 

imagine  that  it  would  soon  disintegrate  the  inch  or  two  of  oone 

placed  there.     If  something  more  elastic  were  put  in,  e.g.  coiM 

mixed  with  tar,   possibly  it  might  not  disintegrate;  but  the  ] 

would  be  much  better  without  it.     In  Barker's  tramway  there 

simply  a  solid  wall  of  iron,  which  could  not  get  away  from 

adjacent  paving  stones.     The  solid  concrete  filled  in  between  the 

sides  of  the  sleeper  would  become  one  mass  with  them,  and  w 

be  as  firm  as  if  of  one  solid  piece.    Again,  to  get  a  strong  \ 

the  strains  must  be  brought  vertically  on  to  the  foundations ;  1 

must  be  no  side    action   producing   a  tremulous  vibration  in 

web,  as  there  would  be  in  the  case  of  Larson's  system,  Fig 

and2L 


r 
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Whetker  the  Toad  cost  £1000  a  mile  or  £2000  was  not  a  very 

Mfioai  matter.     There  were  bo  many  other  expenses  connected  with 

tnuDwiys  that  they  could  afford  to  spend  almost  any  amount  of 

OMiQej  in  getting  a  solid  foundation.     With  regard  to  the  estimates 

kverer,  no  information  was  given  as  to  what  was  put  imdemeath 

the  btae-plates.     When  a  new  road  was  to  he  made,  was  it  intended 

to  ran  steam  rollers  over  the  road  and  consolidate  it,  for  two  or 

tbee  manthsy  and  then  to  put  down  some  concrete  and  consolidate 

tint?     He    mentioned    this  hecause    in   making    the    calculations 

efeiything  ought  to  he   taken  into  consideration ;   and  in  making 

eomparisons  the  same  elements  and  the  same  materials  should  he 

and.    He  heliered  that  a  great  mistake  had  heen  made  in  using 

tbe  4  fi.  8^  in.  gauge  for  tramways.     A  3-ft.  gauge  was  ample  for  all 

pnpoMfl.     With  that  gauge  everything  was  more  simple,  and  it  was 

]KMBible  to  get  round  the  curves  more  easily. 

Mr.  W.  Ltsteb  Holt  had  no  douht  all  were  unanimous  in 
believing  that,  sooner  or  later,  steam,  or  some  other  mechanical 
power,  would  supersede  horse  traction.  He  had  had  great  difficulties 
in  Paris  with  regard  to  steam  traction ;  hut  on  looking  at  the  rail 
that  was  there  used  (Fig.  11),  and  the  sleeper,  which  was  the 
nme  as  in  Fig.  2,  it  would  he  seen  that  it  was  practically  the  same 
as  if  a  house  wall  were  huilt  without  any  footings,  or  as  if  the  old 
bridge-rail  had  heen  laid  with  a  sleeper  of  exactly  the  same  width  as 
the  rail  itself.  No  douht  the  permanent  way  used  in  Paris  would 
have  been  far  stronger  if  the  sleeper  had  heen  turned  at  right  angles, 
with  its  width  downwards,  so  as  to  give  greater  base,  which  was 
what  was  wanted,  whether  for  horses  or  for  steam. 

In  Paris  it  was  found  that  the  rail  often  sank,  and  the  tyres  of  the 
engines,  being  wider  than  the  rail  itself,  used  consequently  to  ride 
upon  the  stones  and  wear  away  rapidly ;  and  the  jolting  also  seriously 
affected  the  valve-motion.  Mr.  Eobinson  had  advocated  a  very 
narrow  rail ;  bat  for  steam  traction,  where  all  the  force  of  the  traction 
was  transferred  to  the  rails,  there  would  then  be  a  serious  wear 
And  tear  of  the  tyre,  which  could  be  only  1  inch  or  1^  in.  wide. 
For  horse  traction  the  narrow  rail  might  do  very  well ;  but  for  steam 
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traction  a  wider  rail  was  wanted,  or  else  they  would  still  liaTe  wh^^i 
had  heen  the  great  difficulty  with  steam  tramways — the  engines  heiii^ 
oonstantly  in  the  shops  for  repairs. 

He  agreed  that  Barker's  system  was  a  very  good  one ;  hut  foT 
himself  he  should  prefer  Growan*s,  for  the  simple  reason  that  thi^ 
had  in  one  piece  what  Barker's  had  in  three  pieces.  Again,  £/ 
Mr.  Gowan's  system  was  good,  Mr.  Winhy's  must  he  hotter,  hecanaa 
he  rolled  his  rail  with  the  groove  in,  and  so  presenred  the  skin  on  it, 
besides  effecting  a  saving  in  cost.  The  paper  gave  a  comparison  of 
the  cost  of  various  systems,  but  unfortunately  in  some  cases  n» 
figures  were  given  as  to  the  weights;  it  was  therefore  impossible 
reaUy  to  compare  the  costs  of  those  systems  with  others. 

Mr.  Jeremiah  Head  observed  there  was  one  point  which  might 
be  further  discussed  with  advantage,  namely  the  qaestion  of  elasticity. 
In  the  early  tramways  timber  sleepers  had  been  almost  universally 
adopted,  because  it  was  taken  for  granted  that  elasticiiy  was  necessary, 
and  could  only  be  secured  in  that  way.  But  they  were  now  coming  to 
the  point  when  engineers  asserted  either  that  sufficient  elasticity  ooold 
be  gained  with  iron,  or  that  elasticity  was  not  wanted  at  alL  Now, 
during  the  last  two  years,  he  had  very  frequently  walked  up  and  down 
a  part  of  the  North  Eastern  Bailway,  where  the  permanent  way  was 
laid  upon  wrought-iron  sleepers — cross  sleepers  of  inverted  trough 
section,  known  as  Mr.  Charles  Wood's  system,  and  described  by  him 
to  the  Iron  and  Steel  Institute  (Journal  1878,  p.  83).  These  iron 
sleepers  had  been  laid  down  about  two  years  ago,  and  had  endured 
an  extremely  heavy  mineral  traffic  When  they  were  first  laid,  and 
the  ballast  was  fresh,  he  had  observed  a  decided  undulatory  action 
across  the  sleeper  as  the  wheels  passed  over  it,  as  well  as  a  torsional 
movement,  giving  evidence  of  considerable  elasticity;  in  ttuoi  he 
thought  quite  as  much  as  with  the  wooden  -sleepers  that  were  laid  on 
the  adjoining  lines.  The  ballast  had  now  become  packed  pratty 
solid,  and  there  was  not  so  much  of  that  motion  to  be  seen ;  but  the 
sleepers  seemed  to  be  standing  well.  There  was  no  loofleness  about 
the'fastonings,  and  no  weak  points  that  he  could  observe. 
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It  seemed  to  him  that  elasticity  was  not  so  much  a  question  of 
wood  f€fiM  iron,  as  a  question  of  form.  With  the  deep  girder 
tjpe,  18  in  Fig.  19,  he  should  suppose  the  rail  would  be  pretty  rigid, 
becMueof  the  great  depth ;  but  much  must  depend  on  what  the  ballast 
iM  composed  of  below  the  bottom  plate,  and  how  it  was  packed,  which, 
M  Mr.  Crampton  had  pointed  out,  was  not  shown.  He  was  rather 
inclined  to  think  that,  whatever  was  done,  there  would  be  sufficient 
elifidcitj,  even  with  wrought  iron  or  steel  girder  rails,  and  that  that 
elasticity  would  not  of  necessity  tend  to  disintegrate  the  substratum. 
The  conclusion  he  had  come  to  certainly  was  that  wooden  sleepers 
might  be  advantageously  abandoned,  whether  for  railways  or  tramways, 
But  only  on  account  of  the  perishable  nature  of  that  material, 
especially  when  spikes  were  driven  into  it,  but  also  because  a  far 
better  oonstraction  could  be  made  exclusively  of  iron. 

Mr.  F.  C.  WiNBT  said  that,  when  he  had  first  turned  his  attention 

to  the  different  sections  of  rails  used  on  tramways,  ho  had  found  it 

difficnlt  to  see  the  object  of  using  a  channel  section  such  as  Fig.  7, 

Plate  15 ;  it  could  not  be  for  the  purpose  of  strength,  because,  though 

there  was  plenty  of  metal  in  the  head  for  compression,  there  was  next  to 

BotiuDg  at  the  bottom  for  tension.    But  he  soon  saw  that  that  rail  had 

been  designed,  like  many  others,  mainly  to  facilitate  the  rolling  of  the 

groove  in  the  head  of  the  rail.     But  a  tramrail  had  to  do  a  certain  duty 

tt  a  girder,  to  support  a  rolling  load ;  and  he  had  therefore  sketched 

a  rail  after  the  section  of  a  rolled  girder,  like  Fig.  25  or  29,  but  he 

u,w  directly  that  he  could  not  get  it  out  of  the  rolls.    Then  it  occurred 

to  him  that  he  might  roll  the  lip  A  straight,  and  have  it  simply 

tamed  up  in  the  last  groove.    He  had  a  trial  rolling,  and  it  was 

mccessful  the  first  time.     There  were  other  features  however  to  be 

looked  to.      The  ordinary  street  vehicles  were    driven  over  the 

tranirails  on  account  of  their  smoothness ;  but  not  being  of  the  same 

gauge,  and  having  no  flanges,  the  wheels  of  these  vehicles  ran  on  the 

stone  setts  which  were  laid  next  the  rails,  and  forced  them  below  the 

level  of  the  heftds  of  the  rails.    Then  the  wheels  of  ordinary  vehicles, 

ui  eroiBing  the  tramway,  were  skidded  against  the  rails ;   and  it  was 

this  de&ot  that  made  street  tramways  a  nuisance.    It  was  therefore 
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necessary  to  keep  the  rail  and  the  adjacent  stones  strictly  to  the  same 
level.  His  first  design  was  to  roll  a  broad  bottom  flange  to  the  rail^ 
as  in  Fig.  25,  in  order  to  give  a  bearing  surface  for  the  adjacent 
stone.  Those  however  who  were  accustomed  to  rolling  deep  seotioiis 
would  know  the  difficulty  of  rolling  a  flange  7  or  8  inches  wide,  and 
also  the  difficulty  of  bending  such  a  section  to  go  round  sharp  curves. 
He  accordingly  preferred  to  use  a  longitudinal  base-plate,  which  broke 
joint  with  the  rail,  and  which  would  give  a  larger  bearing  surface 
than  could  be  got  with  a  rail  alone.  He  had  now  laid  about  30  miles 
of  this  lina 

He  could  not  see  any  advantage  in  Mr.  Larsen*s  rail.  Figs.  20  and 
21,  from  its  having  the  head  separate  from  the  web  and  foot,  since  a 
grooved  rail  could  now  be  rolled  solid ;  it  was  all  very  well  to  use  a 
combination  of  the  kind  before  that  could  be  accomplished.  The  head 
could,  of  course,  be  easily  changed  ;  but  the  stones  at  each  side  would 
still  have  to  be  removed,  and  therefore  there  would  be  very  little 
extra  difficulty  in  moving  the  rail  altogether,  as  in  his  own  system. 
But  the  life  of  a  rail  was  in  fact  so  long  that  the  extra  amount  of 
weight  in  the  compound  system  would  more  than  balance  the  saving 
in  renewal. 

He  had  had  some  experience  of  Barker's  system.  He  had  seen  it 
laid  in  Manchester,  where  the  Corporation  had  now  arranged  to  lay 
his  own  line  in  preference  to  Mr.  Barker's,  simply  because  the  latter 
had  not  the  vertical  strength  required  to  distribute  the  weight 
longitudinally.  In  hci  he  very  much  questioned  whether  that  rail 
would  of  itself  carry  more  than  2  tons  on  3-ft  bearings  without  aerioos 
deflection ;  whereas  his  own  rail,  as  in  Fig.  29,  weighing  58  lbs.  per 
yard,  and  6  in.  deep,  had  carried  20  tons  without  any  perceptible 
deflection,  and  30  tons  without  any  permanent  set,  and  with  slight 
deflection.  It  was  necessary  to  have  a  rail  of  something  like  that 
strength,  in  order  to  carry  locomotives.  Barker's  system  was  really 
a  series  of  cast-iron  shoes,  only  3  ft  in  length,  and  simpl j  fished  by 
the  raU ;  hence,  like  a  chain,  they  would  follow  all  the  undnhitionB  of 
the  rv«d.  With  regard  to  the  cast-inm  bottom  flanges,  which  were 
^  inch  thick,  it  might  be  true  that  they  would  auffioe  lo  earry  a 
TCASonable  wei^t ;  but  a  ^-inch  flange  thai  coold  be  hraken  with  a 
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bud  kmmer  would  surely  not  do  for  Manchester  traffic.  Heavj 
loidi  eoming  across  it,  such  as  boilers  or  locomotives,  would*  break 
offneh  a  flange  very  easily. 

It  bid  been  suggested  that  the  width  of  the  gauge  should  be  less 
An  thit  of  ordinary  yehides.  He  was  now  laying  down  generally  a 
3-ft.  gikiige,  which  was  quite  sufficient,  and  gave  room  to  put  the 
iMb  under  the  seats  of  the  tramcar,  while  admitting  of  a  good 
pMnge,  nearly  3  fL  wide,  along  the  middle  of  the  car. 

Ai  to  elasticity,  this  appeared  to  him  to  be  unnecessary. 
Qactieity  could  only  be  for  the  purpose  of  smoothing  down 
iMqulities ;  but  in  a  tramway  it  might  be  the  means  of  bringing  two 
oeqnslities  together,  and  make  matters  worse.  A  tramway  should 
litfB  a  good  bearing  surface  on  a  strong  base-plate,  carefully  and 
tnlykid;  then  with  wheels  perfectly  concentric  and  balanced,  the 
tnmeiii  would  run  perfectly  smooth.  He  did  not  mean  to  suggest  a 
md  io  unyielding  and  rigid  as  would  break  before  it  bent ;  but  the 
idtt  of  haying  an  elastic  rail,  where  there  was  a  solid  pavement, 
■Baaed  to  him  to  be  veiy  absurd. 

Mr.  Bapier  had  stated  that  he  had  laid  a  line  which  formed  one 
lolid  piece  2^  miles  in  length.  In  his  own  practice  he  generally 
nmed  the  rail,  laid  the  base-plate  upon  it,  riveted  it  up,  and  turned 
it  orer  into  its  place  ;  and  he  had  turned  over  200  yards  at  a  time 
in  that  way.  He  thought  that  was  very  good  work,  and  formed  quite 
iMdBeient  length  to  have  in  one  piece. 

With  regiard  to  the  flanges  of  the  wheels  wearing  down  to  an 

(Cite  an^^  as  represented  in  Fig.  30,  according  to  his  own  experience 

tils  angle  was  much  more  obtuse  than  that  shown.     He  had  had  cars 

'Qmung  with  a  flange  not  more  than  -^  inch  deep,  and  they  had 

Uen  the  cnires  and  ran  round  splendidly ;  there  was  not  a  single 

Ctte  of  their  running  offi     That  showed  clearly  that  there  was  no 

AeoeBsity  to  have  such  large  grooves  or  such  large  flanges.      He 

genenJly  made  the  head  of  his  rail  about  2|  in.  in  width.     With  so 

Barrow  a  rail  the  wear  and  tear  of  the  tyres,  in  locomotives,  would 

oertaudy  be  rery  heavy ;  but  it  did  not  take  up  so  much  of  the  road, 

tad  was  scarcely  seen.     In  Nottingham,  where  he  had  laid  12  miles 

<^ line. with  this  lail*  he  ventured  to  say  that  a  stranger  going  there 

u 
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would  neyer  know  irom  simply  driTing  over  it  that  there  nai 
tramway  there  at  all.  It  had  been  down  two  years ;  and  on  ( 
curve  of  35  fl  radius,  where  not  fewer  than  180,000  cars  passed  m 
year,  there  was  not  the  slightest  perceptible  wear.  He  had  not  ni 
any  concrete,  but  had  simply  consolidated  the  ground  undemetl 
owing  to  the  rail  having  such  a  large  bearing  surface  there  was 
necessity  for  concrete  in  any  case.  The  space  under  the  rail-b 
was  filled  in  with  one  part  Portland  cement  to  five  parts  sand ;  i 
having  had  occasion  to  take  up  a  piece  of  line  that  had  been  down  I 
years,  he  had  had  great  difficulty  in  getting  the  cement  away  h 
the  side  of  the  rail.  The  strength  of  his  system  was  so  fiur  bej( 
what  it  had  to  do,  that  there  was  no  tremulous  motion  upon  it 

Mr.  B.  Price  Williams  said  it  would  be  of  great  value  if,  from 
author's  experience  of  eleven  years,  he  could  give  the  average  ann 
cost  of  maintenance  for  some  of  the  systems  referred  to.  He  1 
been  very  much  struck  with  what  Mr.  Lynde  had  said  with  referenof 
the  Barker  rail  at  Manchester,  namely  that  there  had  been  practici 
no  repairs  at  all  for  two  or  three  years.  Of  course  if  that  i 
generally  the  case,  it  would  be  a  very  important  point  in  its  favi 
The  main  part  of  the  question,  at  least  as  set  forth  in  the  titl< 
the  paper — the  endurance  of  the  permanent  way  under  tAn 
traction — had  been  scarcely  referred  to.  From  his  experienos 
railway  permanent  way,  and  looking  dispaesionately  at  this  salg 
he  thought  a  great  many  of  the  designs  now  shown  would  meet  i 
the  same  fate  that  many  early  forms  of  railway  permanent  way 
met  with,  e.g.  on  the  Liverpool  and  Manchester  line.  Diroctly  i 
designs — at  all  events  those  that  were  composed  of  so  many  pan 
were  subjected  to  the  action  of  a  locomotive,  his  notion  was  thati 
would  give  way.  With  all  deference  to  Mr.  Robinson's  prefereno 
the  Barker  system,  he  must  say,  judging  from  his  own  expen 
and  looking  forward  to  the  necessary  advent  of  steam  looonuv 
that  the  more  simple  form  of  rail,  such  as  that  of  Gowan  or  Wi 
supplied  those  elements  of  permanency  which  he  did  not  see  ii 
others.  Engineers  were  now  feeling  their  way  with  regard  tc 
permanent  way  of  tramways,  just  as  they  did  in  the  case  of  railn 
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Mioj  members  could  remember,  as  he  did,  the  time  when  Mr.  Bridges 
Adimg  giYe  an  exhaustive  paper  on  the  permanent  way  of  railwa.vs 
(ftoceedings  Inst.  C.  E.,  vol.  ivi.  p.  226).  A  great  variety  of 
dedgns  for  permanent  way  were  then  discussed,  all  of  which 
(ICr.  Adams's  included)  had  since  disappeared. 

He  had  recently  been  giving  a  good  deal  of  attention  to  the  subject 

of  ttiin-resistance,  and  he  was  certainly  much  surprised  to  find  that 

Mr.  Larsen's  experiments  with  a  dynamometer  should  give  such  a 

hige  amount  of  resistance  as   18*2  lbs.   per   ton  on  a  tramway. 

He  dissented  entirely  from  the  reason  stated  for  this  in  the  paper 

(p.  202) — that  it  **  may  be  in  some  measure  due  to  the  build  of  the 

91%  inasmuch  as  they  have  a  very  short  wheel-base,  and  considerable 

Ofviitoging  weight  at  either  end."    On  the  contrary,  Mr.  Fisher,  the 

duef  engineer  of  the  Taff  Yale  Eailway,  had  always  maintained, 

ttd  it  appeared  to  him  with  much  reason,  that  the  very  short  wheel- 

biae  med  on  that  line  was  the  very  cause  why  the  train-resistance  was 

eo  snail :  therefore  he  thought  some  other  reason  than  that  assigned 

in  the  paper  must  be  found.    It  should  not  be  forgotten  that  in  the 

groove  of  a  tramway  there  was  a  dirt  resistance,  which  might  in  a 

gntt  measure  account  for  the  higher  friction ;  and  he  thought  there 

oi^t  to  be  a  disposition  to  deepen  the  groove  on  that  account. 

He  oould  not  agree  that  with  the  advent  of  steam  locomotion 

dastieitj  could  be  dofne  away  with.     It  was  now  found  in  the  case 

ef  railways  that,  with  a  more   perfect  substructure,   a  very  much 

won  solid  road  could  be  laid   than  formerly;   and   that   weight 

tt  weight   in  the  rail  itself    had,  as    Sir  John    Hawkshaw  had 

laid,  a    decided  value.      He    thought    therefore   that    with    road 

tramways   engineers   ought    not  to    go  to  the    other   extreme    of 

having  too  light  a  rail ;  nor  could  they  do  entirely  without  elasticity. 

It  might  very  well  be,  as  M[r.  Head  had  maintained,  that  an  iron 

ileeper  supplied  in  itself  sufficient  elasticity ;  but  elasticity  as  an 

element  in  a  durable  road  could  not  in  his  opinion  be  done  away 

with. 

Mr.  JoEV  BoBiHSON  would  ask  Mr.  Lorsen  what  was  the  section  of 
the  tramway  rails  which  in  his  experiments  of  1870  gave  a  resistance 

u  2 
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of  18*2  lbs.  per  ton;  because  that  was  an  important  item  in  t^^^ 
question. 

Mr.  C.  E.  CowPEB  asked  whether,  with  regard  to  the  new^ 
systems  which  the  author  had  so  well  described,  he  could  menti(^:^ 
where  they  had  been  in  use,  and  with  what  success.  With  regard  t^ 
horses  liking  to  trot  on  iron  rails,  if  wide  enough,  eyen  if  that  wen^ 
true,  it  must  be  remembered  that,  on  a  road  where  a  tramway  wa^ 
laid,  the  traffic  was  generally  considerable,  and  horses  could  noC 
always  be  on  the  iron,  but  only  stepped  on  to  it  now  and  then,  when 
crossing  the  tramway  at  yarious  angles,  in  passing  other  yehicles* 
Hence  it  appeared  to  him  that  the  effect  was  the  same  as  when,  in. 
walking  on  a  good  pavement,  a  person  suddenly  stepped  upon  a  piece 
of  orange-peel  or  an  ice-slide ;  he  would  then  be  much  more  liable  to 
fall  than  if  walking  across  a  frozen  pond.  If  the  rail  must  be  UAde 
wide  enough  for  the  horses*  hoofs  to  be  always  fully  upon  it,  as  bad 
been  suggested  by  Mr.  Bapier,  he  did  not  see  how  that  oould  be 
accomplished  unless  the  rail  was  the  full  width  of  the  road* 

Mr.  W.  ScHONHETDEB  askod  what  was  the  actual  practice  in  paying 
close  up  to  the  rail,  as  shown  in  Figs.  19  or  23 ;  whether  the  paying 
setts  were  dressed  to  the  exact  depth  necessary,  so  as  to  rest  on  the 
iron,  or  were  packed  up  with  concrete  or  cement  underneath. 


Mr.  WiNBT  said  in  the  30  miles  of  tramway  that  he  had  l^i<?  on 
his  system,  he  had  always  packed  up  the  setts  underneath  witii 
about  f  in.  of  sand,  which  had  been  rammed  down  to  about  ^  in. 

The  Pbesident  obeeryed  that  good  setts  properly  dressed  were 
yery  accurate  in  point  of  depth ;  and  of  course  they  would  be  piroperly 
made  to  fit  the  height  of  the  rail.  He  partly  agreed  with  what  Mr. 
Crampton  had  said  in  reference  to  the  seyere  shocks  th»±  tnunrails 
received  from  the  ordinary  road  traffic.  He  did  not  ihitiV  that  the 
weight  of  a  light  locomotive  running  along  the  tramwaj  would 
produce  anything  like  the  same  stress  upon  the  rail,  as  a  heavy 
weight  passing  aero$$  it.    In  the  latter  case  the  whole  weight  oame 
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suddenly  upon  one  point,  whereas  with  a  tramway  engine  the 
wwght  would  be  more  distributed,  and  there  would  be  nothiug 
Hb  the  same  shock. 

Beference  had  been  made  to  the  rails  being  wide  or  narrow.  He 
ItifflKlf  complained  of  the  grooves  being  so  wide,  which  he  thought 
wii  one  of  the  greatest  reproaches  to  the  present  tramways.  Many 
of  those  who  designed  tramrails  did  not  seem  to  care  anything  about 
the  etfriages  and  other  yehicles  that  would  pass  over  them,  but  only 
thoot  the  wheels  of  their  own  cars.  If  some  of  those  wheel-flanges 
won  to  such  an  extreme  thinness  as  shown  in  Fig.  30,  why  could 
wttery  thin  steel  flanges  be  used  to  start  with — say  J  in.  or  /^ in. — 
ttd  WW  ones  be  put  on  when  they  were  worn  out  ?  The  rails  could 
then  baye  narrow  grooves,  and  the  ordinary  wheels  would  not  drop  into 
them.  He  threw  out  that  suggestion  because  some  of  the  grooves 
now  in  use  seemed  exactly  designed  to  tear  the  wheels  off  a  carriage ; 
ttd  that  was  in  fact  a  thing  which  constantly  happened. 

Mr.  Lthde  asked  leave  to  mention  that  some  very  heavy  loads  had 
gone  over  Barker's  rails  in  Manchester,  but  he  was  not  aware  of  any 
of  the  flanges  having  ever  been  broken  off. 

Mr.  Labsxn  said,  in  reply,  that  little  fault  had  been  found  with 

the  paper,  in  regard  to  the  different  modes  of  construction  mentioned ; 

hat  he  wished  to  make  an  apology  to  several  gentlemen  who  had  desired 

to  liave  their  systems  described.    As  the  paper  was  limited  in  extent, 

he  oonld  only  refer  to  those  methods  which  he  thought  most  to  be 

recommended  in  point  of  construction  and  of  first  cost.    He  was  sorry 

he  had  not  been  able  to  obtain  sufficient  information  to  lay  before  tlie 

meeting  as  to  the  places  where  the  different  systems  were  in  use,  and 

the  length  of  time  they  had  been  down.     In  regard  to  Mr.  Barker^s 

system,  on  his  last  visit  to  Manchester  he  came  to  the  conclusion 

that  the   tramways  there  were  the  best  he  had  ever  seen  in  any 

city  (and  he  had  been  nearly  all  over  Europe)  ;  but  nevertheless  the 

ikepen  were  of  cast  iron,  and  he  thought,  if  the  paving  stones  were 

lammed  there  as  they  were  in  London  and  in  many  other  cities,  the 

cast4zoa  sleepers  would  be  smashed  continually ;  whereas  a  rolled 
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plate  would  stand  any  blow.  That  was  the  only  objeciion 
reality  to  Mr.  Barker  s  system.  The  placing  of  the  support  direct 
nnder  the  load,  as  described  by  Mr.  Lynde,  was  all  in  the  rig 
direction ;  but  he  considered  that  the  single-rail  systems  were  equal 
strong,  being  on  jnst  the  same  principle  as  the  ordinary  Yigno! 
rail. 

The  President  and  others  had  referred  to  the  depth  and  width 
the  groove.  He  might  mention  that  the  Board  of  Trade  had  d 
adopted  a  rule  that  no  groove  should  be  more  than  1  in.  wide  s 
•f^  in.  deep.  That  might  be  admirable  from  the  point  of  n 
that  a  tramway  should  be  so  laid  as  not  to  be  noticed ;  but  he  piti 
the  horses  that  had  to  drag  the  cars  along  such  a  groove.  1 
Bobinson  had  asked  what  kind  of  rail  was  used  in  his  experiments 
New  Cross.  It  was  the  rail  shown  in  Fig.  7,  Plate  15 ;  and  the  a 
had  American  wheels,  which  had  deep  and  broad  flanges.  No  dot 
the  fact  of  the  wheels  being  new  and  the  gauge  tight  had  somethi 
to  do  with  the  high  resistance ;  and  also  the  fact  that  the  it 
deflected  considerably.  Since  that  time  a  great  many  improvemei 
had  been  made  in  wheels. 

With  regard  to  the  question  of  first  cost,  it  was  all  very  weD 
the  case  of  such  towns  as  Manchester  or  Liverpool  to  constn 
tramways  in  the  very  best  way  without  reference  to  expense ;  I 
in  outlying  districts,  and  in  lines  worked  by  a  company,  the  questi* 
of  economy  in  first  cost  was  a  very  important  one,  because  it  n 
necessary  to  make  the  lines  pay. 

With  reference  to  the  use  of  steam,  the  section  of  rail  in  Fig.  17  ^ 
that  on  which  most  of  the  steam  traffic  in  Paris  had  been  carried ;  b 
as  he  had  stated  in  the  paper,  he  was  limited  as  to  weight  with  tl 
rail ;  consequently  it  was  made  hollow  underneath,  and  thereby 
stiflhess  was  diminished.  With  reference  to  the  observations 
Mr.  Holt,  he  could  only  repeat  that  the  lines  on  whicb  steam  li 
been  tried  had  never  been  originally  constructed  for  it. 

With  regard  to  the  number  of  wheels  for  tramway  engines, 
might  point  out  that  most  of  the  engines  now  used  had  four  drivi 
wheels  and  two  uncoupled  leading  wheels;  and  that  was  a  gn 
improvement,  because  the  leading  wheels  took  any  blow  that  mif 
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be  given  by  a  joint,  and  bent  the  joint  down  so  that  the  centre  wheels 
£)Ilofed  easily  oyer.  They  also  preyented  the  great  oscillation  caused 
hj  the  OTorhang,  where  so  short  a  wheel-base  was  nsed  as  was 
genenllj  the  case  in  both  tramway  engines  and  cars :  with  both  of 
wbicli  this  oscillation  was  very  serious,  wherever  a  slight  fault 
existed  in  the  permanent  way.  Of  course  the  two  uncoupled  wheels 
ven  capable  of  taking  a  radial  position. 

Mr.  Crampton  had  enquired  about  the  foundations  usually 
oopbjed  below  the  sleeper.  With  the  systems  shown  in  Figs.  19, 
20,  iitd  21,  Plate  16,  he  used  6  inches  of  concrete,  and  that  was  the 
VQil  depth.  As  to  the  setts,  the  arrangement  simply  was  that, 
if  the  road  was  to  have  a  G'-in.  pavement,  the  girder  was  rolled 
•eeordingly  to  suit  that  depth. 

He  could  not  admit  that  Mr.  Winby's  rail  was  superior  to  that  in 
Rg.  20.  If  the  latter  was  worn  out,  and  had  to  be  renewed,  all  that 
VIS  neoesaary  would  be  to  take  out  the  bolts  and  replace  the  rail  with 
a  new  one ;  whereas  in  Mr.  Winby*s  or  Mr.  Gowan's  rail,  the  whole 
vonld  have  to  be  cast  away  as  scrap.  Mr.  Gowan*s  rail^  Fig.  25, 
VM  92  lbs.  per  yard ;  whereas  the  whole  structure  in  Fig.  20  would 
he  soniething  like  72  lbs.  per  yard.  That  was  a  great  consideration 
in  the  first  cost,  and  also  in  regard  to  maintenance.  Mr.  Price 
ViUiams  had  asked  a  question  as  to  cost  of  maintenance ;  so  far 
kwefer  the  maintenance  of  tramways  had  really  not  been  goAe  into. 
^  matter  was  a  great  deal  mixed  up  with  other  expenses,  and  there 
^  great  difficulty  in  getting  at  the  actual  results. 

The  Pbbsidxnt  proposed  a  vote  of  thanks  to  Mr.  Larsen  for  his 
piper. 
The  vote  of  thanks  was  carried. 


The  Meeting  was  then  adjourned  till  the  following  eyening. 


The  Adjourned  Meeting  of  the  Institation  was  Ii 
Institntion  of  Civil  Engineers,  London,  on  Friday,  23rd  1 
at  half-past  seven  o'clock,  p.m. ;  Edwabd  A.  Gowfeb,  Esq, 
in  the  ohair. 


The  following  paper  n 
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BEMABKS  ON  CHERNOFF'S  PAPERS  ON  STEEL. 


By  Mb.  WILLIAM  ANDERSON,  of  Erith. 


Tbe  Bnssian  language  is  so  little  understood  in  other  oonntries, 
^  it  is  almost  by  accident  that  the  labonrs  of  the  many  very  able 
wentific  men  of  Russia  come  to  be  known  in  Western  Europe. 
Cbenioff's  investigations  are  an  example  of  such  obscurity,  alike 
vttooanging  to  their  author  and  a  loss  to  the  scientific  world. 

hi  order  that  a  true  value  may  be  set  on  ChemofiTs  labours,  it  is 

^^^MBuy  to  ezphiin  that  he  has  been  for  some  years  assistant 

•«»ger  of  the  Abouchoff  Steel  Works  near  St.  Petersburg ;   and 

*°^  before  he  was  raised  to  his  present  position,  he   was  more 

l^fQcokrly  connected  with  the  forge,   the  Bessemer  process,   and 

^^  operations  of  the  great  establishment  he  now  so  ably  assists  in 

^^I'octing.     It  is  important  to  note  that  the  Abouchoff  Works  stand 

"^ipKme  in  the  world  as  regards  the  variety  of  the  processes  there 

^'^ed  on«     Under  the  able  and  energetic  management  of   the 

^^u^Bctar,  Captain  Kolokoltzoff  of  the  Imperial  Navy,  the  Abouchoff 

^dfks  have  developed  from  comparatively  small  beginnings  to  their 

P'^ctent  magnitude ;  from  an  establishment  in  which  puddled  steel 

^  melted  in  crucibles  and  cast  into   relatively  small  masses,  to 

P^  workSy    making    use    of     every    modem     method    of    steel 

^*»»wi&cture. 

In  addition  to  the  old  casting  house  with  nearly  2000  crucibles, 
^  Siemens  crucible  furnace,  the  Bessemer  converter,  and  lastly  the 
Biemens-Martin  open-hearth  furnace  and  the  Whitworth  fluid- 
<^<)i>Bpre8Bed  steel  process,  are  all  to  be  seen  in  operation.  The 
'"gehas  a  dead-weight  50-ton  steam-hammer,  a  15 -ton  hammer,  and 
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a  whole  array  of  smaller  hammers.  There  is  a  tyre  mill,  and  Hu 
are  extensive  workshops  for  the  mannfEUsture  of  ordnance  of  e^e 
calibre  and  of  'their  projectiles,  for  the  production  of  the  heaTi( 
masses  in  steel,  whether  for  commercial  or  war  purposes,  for  t 
making  of  gun-carriages,  for  crucible  manufacture  &c.  Lastly, 
order  that  the  work  may  be  carried  on  in  a  scientific  manner  and 
assured  principles,  the  establishment  is  provided  with  an  admini 
laboratory,  with  one  of  Eirkaldy's  testing  machines,  and  with  en 
appliance  necessary  for  investigating  the  nature  and  properties  of  1 
metal  which  forms  the  staple  product  of  the  place. 

With  the  opportunities  which  the  Abouchoff  Works  present,  i 
with  the  aid  and  encouragement  of  Captain  Eolokoltzo£^  seooiic 
by  his  own  remarkable  talents  and  indefatigable  industry,  it  is  i 
surprising  that  Chemoff  should  have  produced  a  series  of  papt 
addressed  tp  the  Imperial  Bussian  Technical  Society,  which  bi 
thrown  a  strong  light  upon  the  theoretical  as  well  as  upon 
practical  aspects  of  the  steel  question. 

Chemoff  has  another  important  claim  to  consideration,  whid 
that  he  is  perfectly  unhampered  by  trade  jealousies  and  trade  seor 
So  far  from  being  able  in  any  way  to  derive  benefit  from  keeping 
own  counsel,  his  reputation  in  his  profession  will  be  increased 
making  his  work  as  public  as  possible,  and  by  drawing  aside 
veil  that  some  manufacturers  have  studiously  wrapped  about  i 
processes. 

Again,  the  manufacture  of  guns,  especially  breech-loading  § 
of  heavy  calibre,  presents  exceptional  advantages  for  ascertaii 
the  internal  structure  of  the  steel  produced.  The  bore  of  the 
is  cut  out  of  the  solid  by  means  of  crown  cutters,  which  givefl 
opportunity  of  obtaining  samples  of  the  centres  of  the  ingots. 
perforation  of  the  slot  through  which  the  breech  block  works,  em 
samples  to  be  obtained  at  every  point  in  a  radial  direction ;  and 
surface  tool  work  exposes  the  outer  portions  of  the  mass  to 
observer.  The  strengthening  rings  and  hollow  projectiles,  in 
manner,  give  great  facilities  for  observing  the  structure  aasomet 
the  metal  under  various  conditions  both  of  form  and  dimexiaioDa. 
Chemoff's  first  paper  of  note  was  read  in  1868,  but  did  not  < 
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voder  the  writer's  notice  till  1876.     He  was  then  so  struck  by  its 

loentg  tiuit  he  translated  it,  and  distributed .  the  few  copies  that  were 

printed,  at  first  among  his  friends,  and  afterwards  to  many  strangers 

interested  in  steel  manufacture,  who  applied  for  copies  as  soon  as 

,  tiiepiper  became  widely  known  through  notices  in  the  professional 

jooziialg.    In  this  paper  Ghemoff  first  lays  down  the  proposition  that 

steel  is  a  combination  of  pure  iron  and  carbon ;  and  that  all  other 

nbstuices  must  be  regarded  as  impurities  more  or  less  pernicious, 

altlioogh  the  introduction  of  an  extraneous  substance  may,  in  some 

cues,  ictually  hare  a  beneficial  effect  by  neutralising  the  injurious 

aetion  of  some  other  substance.     He  next  broaches  the  theory  that 

iteel  chtnges  its  properties  as  its  temperature  ranges  from  zero  to  its 

iDeitiiig  point :  that  up  to  some  temperature  a  steel  will  not  harden  ; 

tint  it  may  be  farther  raised  to  a  higher  temperature  h  without 

vodezgoing  any  molecular  change ;  that  between  temperature  h  and 

tiie  melting  point  an  amorphous  structure  is  assumed;    and  that 

in  ooohng  from  the  melting  point  to  temperature  b  the  metal  will 

crjgtallifle  according  to  laws  which  are  well  known  as*  governing  the 

oyBtiUiflation  of  alum  and  of  similar  salts.     The  theory  is  supported 

^  very  dear  reasoning  and  by  the  evidence  of  practice  on  a  large 

tale,  ind  seems  to  explain  perfectly  all  the  phenomena  of  annealing. 

In  1876  a  paper  was   read    on  ''Materials  for   the   study   of 

the  Bessemer  process "  *  in  which  the  Author's  object   is  declared 

to  be  more   to  make   the  process  understood  and  appreciated  in 

Boada  than  to  bring  forward  any  facts  previously  unknown.    He 

i^otrks  that,  after  twenty  years  of  successful  working  in  Western 

Bnrope  and  the  United  States,  only  two  sets  of  apparatus  had  been 

let  op  in  Bnssia,  and  that  of  these  two  sets  only  one  was  in  actual 

work;  and  attributes  this  backwardness  to  a  want  of  knowledge  of 

^  principles  and  practice  of  the  process.   The  paper  gives  a  number 

of  interesting  analyses  made  at  the  Abouchoff  Works  and  elsewhere, 

tnd  institutes  a  comparison  as  to    the  dimensions  of  apparatus, 

^niDtity  of  air  required,  and  other  details,  in  different  countries  and 

^  vuious  qualities  of  iron. 


*  Tnuslated  in  exien$o  in  the  Metallurgical  Review,  New  York,  1878.  p.  457. 
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In  1878  appeared  the  paper  on  the  Stmchire  of  Cast-Si 
wbich  the  writer  has  translated,  and  which  is  now  in 
of  the  Members  (Proceedings  1880,  p.  152).  This  papei 
the  first  instance*  on  the  defects  met  with  in  steel  ca 
investigates  their  origin;  next  the  means  by  which  th 
obviated  or  corrected  are  discussed ;  and  finally,  the  qm 
whether  steel  castings  need  forging,  or  other  modes  of  ' 
order  to  give  them  the  tenacity  which  should  be  due  to  tl 
composition  of  the  steel  from  which  they  are  made, 
experiments  are  cited  to  show  that  with  proper  am 
conformity  with  the  principles  laid  down  in  1868,  cast  st 
as  tough,  tenacious,  and  ductile  as  the  forged  metal. 

One  result  of  the  investigation  of  the  Eesearch  Coi 
Steel  has  been  to  draw  attention  to  the  important  ] 
occluded  gases  seem  likely  to  play  in  any  theory  on  the 
and  tempering  of  steel.  In  treating  of  the  analysis  oi 
escaping  from  the  Bessemer  converter,  as  given  by  I 
Tamm,  Chemoff  remarks  on  the  total  absence  of  hydroj 
the  first  three  to  five  minutes  of  the  process;  and  e: 
circumstance  by  supposing  that  the  hydrogen,  which  aris 
decomposition  of  the  moisture  of  the  air  blown  in,  is  at  fii 
by  the  liquid  iron;  but  that  in  the  course  of  a  few  z 
metal  becomes  saturated  with  the  gas,  and  consequent!, 
afterwards  to  escape.  This  is  confirmed  by  a  fact  am 
Miiller  in  a  recent  communication  to  the  German  Ghemi< 
namely,  that  his  analysis  of  the  gases  occluded  in  cast-i 
showed  that  from  68  per  cent,  to  90  per  cent,  was  c< 
hydrogen,  the  remaining  gases  being  nitrogen  and  carl 
the  latter  in  very  small  quantities.  He  estimates  the  pref 
occluded  gases  at  8  atmospheres ;  and  this  estimate 
singular  confirmation  from  a  process  now  being  introduo' 
United  States  and  into  this  country,  namely  that  of  cb 
ingots  to  set  under  steam  pressure  directly  applied.  In  a 
by  Mr.  Alfred  Davis  before  the  Iron  and  Steel  Institai 
1879,  p.  476)  this  process  is  described,  and  the  pressure 
stated  to  range  from  5  to  10  atmospheres. 
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The  •sionishing  rapidity  with  which  hydrogen  passes  through 
nd-lioi  gteel,  eyen  against  the  pressure  of  the  atmosphere,  has  been 
demonstrated  by  Begnault.  He  connected  a  steel  tube  to  a  hydrogen* 
genenting  apparatus  at  one  end,  and  to  a  barometer  tube  at  the 
otW;  and  after  keeping  the  steel  tube  at  a  red  heat  for  from  8  to 
10  boors,  with  a  stream  of  hydrogen  passing  through  all  the  time,  he 
nddenlj  shut  off  the  gas,  when  in  about  18  minutes  a  vacuum  of 
29  inehes  was  indicated  by  the  barometer  gauge,  the  yacuum  rising 
It  I  uniform  rate. 

This  power  of  diffusion  seems  to  explain  how  under  pressure,  or 
otWfiToarable  mechanical  conditions,  the  porosities  in  steel  castings 
Bttj  be  obliterated,  without  any  obstacle  being  presented  by  the 
Ljdrogen  or  other  gases  imprisoned  within  them. 

The  experiments  made  by  Edison  on  the  evolution  of  occluded 
gueg  from  platinum  wire,  with  the  consequent  hardening  of  the 
BKtal,  bare  led  the  writer  to  the  theory  that  the  hardening  of  steel 
iBty  be  doe  to  the  escape  of  hydrogen  or  other  occluded  gases  during 
the  heating  of  the  steel :  the  sudden  cooling  in  water  or  oil  would 
then  prevent  their  re-absorption,  and  so  enable  the  particles  of  steel 
to  ipproach  more  closely  to  each  other,  thus  rendering  the  metal 
liuder  and  more  dense. 

Bat,  if  this  view  be  correct,  the  specific  gravity  of  hardened  steel 

ihould  be  greater  than  that  of  the  same  steel  before  hardening; 

vhereas  it  is  well  known  that  steel  ''swells"  and  becomes  more 

bulky  when  hardened,  and  its  specific  gravity  decreases.     Caron  has 

giffiD  very  precise  information  on  this  subject.    The  writer  however 

ooonders  that  the  observed  reduction  of  specific  gravity  is  only 

ftppareni,  and  not  real ;  and  is  caused  by  the  increase  of  volume  due 

to  the  iact  that  the  outer  layers  of  the  steel,  which  cool  first,  are 

Qsable  to  contract,   and    thus,   becoming   stretched   beyond    their 

ekstie  limit,  receive  a  permanent  elongation  which  the  subsequent 

contraction  of  the  inner  portions  is  not  competent  to  reduce. 

According  to  this  view  the  strains  in  a  piece  of  steel,  hardened  all 
over,  resemble  those  in  a  cast-steel  ingot,  as  described  by  Chemoff. 
The  outer  layerB  are  at  first  stretched,  while  the  inner  ones  are 
mmprfwod ;  but  when  the  steel  is  quite  cold,  the  outer  layers  are 
oonpreMed  sod  the  inner  ones  stretched. 


■l\  •■f 
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If  boweyer  a  piece  of  steel  is  hardened  from  one  side  only- 
example  by  cooling  it  on  a  slab  of  cold  iron  having  a  thin  streti 
Avater  running  over  it — the  specific  gravity  will  be  found  to  ] 
increased  and  not  diminished :  and  moreover  the  bar  will  have  bee 
concave  on  the  hardened  side,  showing  that  it  has  there  contnu 
and  has  consequently  become  more  dense.  This  experiment 
author  has  tried,  and  has  thus  been  able  to  verify  the  statemenl 
Eegnault,  that  the  specific  gravity  of  hardened  steel,  when 
particles  are  free  from  strain,  is  greater  than  that  of  the  same  i 
before  hardening. 

But  the  main  difficulty  surrounding  the  hardening  and  tempe 
of  steel,  is  to  account  for  the  gradual  softening  as  the  hardened  t 
is  slowly  heated  again.  This  difficulty  has  been  sufficient  to  n 
the  theories  of  JuUien  and  others ;  but  the  writer  thinks  that 
new  theory  offers  a  ready  explanation.  As  the  hardened  stee 
heated,  the  pores  are  opened;  gas  is  again  absorbed,  and,  n 
the  tempered  steel  is  again  quenched,  retains  the  molecules  at 
precise  distance  apart  by  which  they  were  separated  when 
quenchiug  began. 

The  characteristic  colours  may  also  be  explained  by  suppoi 
that  the  opening  of  the  pores  of  the  metal  causes  changes 
the  surface  of  the  steel  sufficient  to  account  for  the  change  of  col 
The  theory  by  which  it  is  commonly  sought  to  explain  tl 
colours  is  that  a  film  of  oxide,  forming  on  the  surface  of  the  si 
plays  the  same  part  as  the  thin  surface  of  a  soap-bubble,  or  as 
films  of  tar  or  oil  floating  on  water.  But,  in  the  first  place, 
colours  exhibited  by  steel  are  not  iridescent,  but  each  degree 
hardness  is  indicated  by  a  uniform  colour ;  and  in  the  next  place 
hues  produced  by  thin  films  are  only  observed  in  transparent  Ixx 
and  are  caused  by  the  interference  of  rays  of  light,  reflected  pa 
from  the  upper  and  partly  from  the  lower  surface  of  the  films, 
oxide  of  iron,  however  thin,  is  never  known  to  be  transpar 
Moreover,  to  produce  a  given  tint,  the  thickness  of  the  film  mus 
some  definite  minimum  quantity,  or  else  an  even  multiple  of 
quantity;  but  the  colours  characterising  particular  degrees 
hardness  are  constant,  though  produced  under  the  most  vmi] 
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OQoditioni  of  time  and  hardening  medium ;  and  it  is  difficult  to 
coDoeire  that  the  films  should  in  all  these  cases  always  assume  one 
of  tbe  aoTeral  definite  thicknesses  necessary  to  satisfy  the  theory. 
It  tberefore  seems  more  probahle  that  a  change  of  surface  takes 
plioe^  iod  that  the  colours  are  due  to  diffraction  rather  than  to 
iatei&renoe.  Mr.  Hackney  has  suggested  that  the  question  might 
be  settled  hy  tempering  in  a  reducing  atmosphere,  instead  of  in  air ; 
b«t  mch  an  experiment  will  not  be  conclusive,  because  the  absence 
oftbe  ordinary  gases  surrounding  steel  during  the  process  of 
tenpering  may  affect  the  surface  of  the  metaL 

A  new  and  most  sensitive  instrument  for  ascertaining  the 
nolecalar  condition  of  metals  has  lately  been  placed  in  the  hands 
of  metallurgists  in  Professor  D.  E.  Hughes'  "  Induction-currents 
Bibooe."  A  description  of  this  instrument  will  be  found  in  the 
Ptooeedings  of  the  Boyal  Society  for  May  1879  (vol.  xxix.,  p.  56). 
B7  its  means  it  is  possible  to  detect  extremely  minute  changes  of 
rtractore,  and  to  compare  unknown  specimens  with  any  desired 
itiiidirds.  In  inyestigations  connected  with  the  molecular  conditions 
of  steel  and  other  metals,  chemical  analysis  is  of  comparatively  little 
"nine,  tnd  is  at  best  difficult,  tedious,  and  costly  to  perform ;  whereas 
Prafenor  Hughes'  instrument  appears  to  give  the  means  of  detecting 
not  only  chemical  but  also  structural  changes  of  very  small  amounts. 

The  above  remarks,  which  the  writer  has  been  led  to  make  by  way 
of  eomment  upon  Ghemoff's  paper  on  the  structure  of  Cast-Steel 
Ingoti,  are  intended  to  show  the  direction  in  which  the  enquiry  into 
&  Hftrdening,  Tempering,  and  Annealing  of  Steel,  promoted  by  the 
^^Bititation,  is  tending.  It  is  of  the  utmost  importance  to  elicit  the 
<'poioQ8  and  to  take  advantage  of  the  experience  possessed  by  many 
of  flie  members ;  but  the  writer  feels  that  much  time  and  some 
^i^pQoditure  of  funds  will  be  needed,  before  the  changes  undergone  by 
steel  in  hardening  and  tempering  are  satisfiEUstorily  explained. 


■^if.*.] 
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Discusston, 

Mr.  Andebson  wished  to  say,  as  an  addendum  to  the  paper, 
more  recent  investigations  on  the  subject  seemed  to  throw  additi< 
light  npon  the  enormons  importance  of  occluded  gases  in  alte 
the  molecular  structure  of  steel.  Prof.  Hughes  had  lately  broi 
under  the  notice  of  the  Society  of  Telegraph  Engineers 
circumstance,  that  single  steel  wires  plunged  into  dilute  sulpl 
acid  became  brittle,  without  apparently  changing  their  hardness ; 
that  this  brittleness  disappeared  on  heating.  The  natural  ezplam 
which  occurred  to  himself  was  that,  when  the  wire  was  placed  in  ^ 
acid,  the  acid  was  decomposed ;  and  the  hydrogen  found  its  way 
the  metal,  and  separated  the  particles  to  such  an  extent  that  \ 
cohesive  power  was  weakened ;  the  wire  thus  becoming  brittle  mi 
becoming  hard.  As  soon  as  it  was  heated  and  the  gas  driven 
the  metal  returned  to  its  normal  state.  Mr.  Chandler  Boberte 
chemist  of  the  Mint,  had  also  shown  an  exceedingly  interei 
experiment  with  palladium,  a  metal  which  absorbed  about  900  t 
its  volume  of  hydrogen  gas.  Two  palladium  wires  were  placed 
tall  vessel  full  of  weak  sulphuric  acid,  with  a  current  of  electr 
passing  through  them.  Oxygen  was  developed  on  the  one  wire 
hydrogen  on  the  other ;  and  the  wire  to  which  the  hydrogen  adi 
became  visibly  lengthened  as  the  hydrogen  was  developed  alonj 
surface.  But  as  soon  as  the  current  was  reversed,  and  oxygen  devel< 
on  the  same  wire,  it  shortened  again.  This  showed  the  powa 
hydrogen  in  separating  the  particles  of  the  metal  from  one  tauoOn 

The  Peesident  asked  Mr.  Anderson  if  he  had  tried  any  experiin 
with  brass  wire  exposed  to  the  air  for  a  long  time.  It  was 
common  belief  that  such  wire  became  rotten,  but  could  be  parti 
restored  by  heat. 

Mr.  Anderson  was  aware  of  the  fact,  but  had  not  mtde 
experiments  with  regard  to  it. 
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Itr.  W.  8.  Hall  presumed  that  the  cause  suggested  on  p.  230  of  the 

piper  fiv  the  ooloim  seen  in  steel  at  yarious  tempers  would  make  that 

iotDalogoiis  phenomenon  to  the  iridescence  of  mother-of-pearl,  which 

WM  known  to  be  caused  by  minute  lines  on  the  surface,  and  might  be 

cofflmimiested  by  pressure  to  such  a  substance  as  sealing-wax. 


Thb  Peesidut  said  he  might  mention  another  fact  of  the  same 

kad,  whioh  perhaps  was  not  commonly  known,  namely  that  many 

jmn  ago,  in  the  Bank  of  England,  Mr.  Barton  had  made  some 

rieel  buttons,  hairing  extremely  fine  lines  ruled  on  the  sur&oe  with  a 

dttmcnd.    This  produced  the  most  beautiful  prismatic  colours,  quite 

•f  fins  as  those  of  mother-of-pearl,  and  capable  of  being  transferred 

to  Msling-waz   in    the    same  way.      Another    example  was  what 

woe  oaDed  **  dif&action  gratings,"  one  of  which  he  had  in  his 

pnwMsian  ;  it  was  a  piece  of  glass  which  had  been  ruled  with  very  fine 

Hdm^  aboat  6,000  to  the  inch,  and  it  gave  perfect  prismatic  colours. 

Mi,  Abthub  Paobt  observed  that  the  effect  produced  in  the 
bBttoDS  and  the  glass  would«be  iridescent,  and  varying  according  to 
tike  tngle  at  which  they  were  viewed,  like  the  colours  of  mother-of- 
petd;  it  was  therefore  entirely  different  from  the  colours  of  tempering. 

Pid£  D.  E.  Huohxs,  F.B.S.,  observed  that,  in  his  experiments  on 
tlie  absorption  of  hydrogen  by  steel  wires,  he  had  found  that  the 
wiles  became  exceedingly  brittle:  and  naturally  enough  he  then 
thought  that  hydrogen  might  have  something  to  do  with  the  cause 
of  tempering ;  but  up  to  the  present  time  he  had  not  been  able  to 
disoover  that  this  connection  actually  existed.  On  the  contrary, 
by  eleetrical  and  chemical  demonstration,  he  had  come  to  the 
lollowing  conclusion : — that  steel  in  its  natural  soft  state  was 
simply  a  mechanical  mixture  of  iron  and  carbon — not  a  chemical 
oompoand,  nor  even  an  alloy,  but  simply  iron  plus  graphite  or  carbon  ; 
bat  when  this  steel  was  heated,  the  iron  absorbed  the  carbon,  and 
formed,  at  different  temperatures,  different  alloys.  The  higher  the 
tempentare,  the  greater  the  amount  of  carbon  that  was  absorbed ;  and 
if  the  ■tftff]  ooold  be  suddenly  cooled,  while  in  this  alloyed  state,  then 
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the  carbon  would  be  imprisoned  in  the  iron,  and  the  cold  metal  woiiI< 
be  a  chemical  alloy  of  carbon  and  iron,  which  was  very  dififerent  from 
the  iron  plui  graphite  of  the  ordinary  soft  steel. 

This  was  easily  demonstrated  by  the  differences  in  the  electro- 
motive force.  In  the  soft  steel  the  graphite  was  so  separated  from 
the  iron  that  there  was  not  one  molecule  of  iron  actnally  touching  a 
molecule  of  carbon ;  but  when  the  metal,  after  being  heated,  ww 
suddenly  plunged  into  water,  it  retained  the  condition  of  the  alloy 
formed  at  its  higher  temperature,  and  consequently  the  molecules  of 
iron  and  carbon  remained  in  direct  contact.  A  simple  experiment, 
which  all  could  try,  would  demonstrate  this.  Take  two  rods  of  steel, 
exactly  similar ;  soften  one  and  temper  the  other.  In  order  to  haye 
exactly  similar  surfaces,  both  must  be  brightened  with  sand-paper. 
If  they  were  then  put  into  a  mixture  of  one  part  sulphuric  acid  to 
nine  parts  water,  a  violent  local  action  took  place  in  the  t^npered 
rod,  and  bubbles  of  hydrogen  were  given  off ;  and  the  steel  would 
be  dissolved  so  rapidly  that  a  bar  \  in.  thick  would  be  eaten  away 
in  a  day  or  so.  But  in  the  same  time  the  rod  that  had  been  softened 
would  hardly  be  touched  at  all ;  in  fact,  if  it  could  be  got  perfectly 
soft,  there  would  be  no  action  whatever.  What  did  this  prove  ?  It 
was  known  that  chemically  pure  iron  was  not  attacked  in  dilute 
sulphuric  acid  ;  but  if  in  the  same  liquid  metallic  contact  were  made 
between  the  iron  and  some  metal  having  a  higher  electro-negative 
force,  a  voltaic  cell  was  thereby  at  once  formed:  the  water  was 
decomposed,  the  oxygen  uniting  with  the  iron,  and  the  hydrogen 
being  given  off  at  the  negative  element  Now  carbon  and  iron 
formed  a  most  powerful  voltaic  cell ;  and  if,  instead  of  a  separate 
piece  of  carbon  being  used,  powdered  carbon  were  brought  into 
direct  contact  with  the  exposed  surface  of  the  iron,  a  series  of  separate 
cells  was  constituted,  one  at  each  contact  point  of  the  carbon ;  in  other 
words,  local  action  took  place.  In  the  case  of  tempered  steel  this 
local  action  was  far  more  violent  than  if  powdered  carbon  alone  were 
used,  since  each  molecule  formed  an  independent  local  circuit; 
consequently  rapid  corrosion  or  solution  of  the  iron  took  place. 
On  the  other  hand,  in  the  untempered  steel  there  was  no  violent 
action,  because  the  graphite  was  so  separated  from  the  iron  mdeooles 
that  they  were  not  capable  of  forming  a  local  circuit  at  alL 
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As  alreadj  mentioned,  there  was  no  local  action  in  chemically  pnre 
inm;  bat  in  ordinary  commercial  iron  there  was  strong  local  action, 
doe  to  mechanical  mixtures  of  electro-negative  impurities.  In  cast 
inm  aho  there  was  still  more  powerful  local  action,  due  not  only  to 
tbe  impurities  of  the  metal,  hut  also  to  the  greater  amount  of  carhon, 
lUi,  having  thus  an  increased  pressure,  was  hrought  into  more 
mtimite  contact  with  the  molecules  of  iron.  It  was  a  wonderful  fact 
tint,  ni  the  case  of  good  steel,  such  as  the  steel  drilling  rods  used  by 
vildi-makers,  the  carbon  should  be  so  thoroughly  separated,  when 
^  iteel  was  softened,  as  not  to  be  in  sufficiently  close  contact  with 
the  iron  molecules  for  forming  local  circuits.  This  was  an  experiment 
wUeh  everyone  could  make  for  himself;  and  he  considered  it  most 
iutrnctive  as  regarded  the  difference  between  tempered  and  softened 
Mi 

TWe  were  also  many  other  proofs.  One  was  the  great  difference 
atfaeelectzo-negative  force  of  iron  in  all  the  varieties  from  pure  iron 
^  to  tempered  steel.  A  chemically  pure  iron  bar  had  an  electro- 
i^tive  force  of  a  certain  constant  value.  Hardened  steel  had  a 
inch  higher  electro-negative  force ;  and  the  difference  of  that  force 
^  the  former  was  a  measure  of  the  amount  of  carbon  combined  with 
tk  iron  in  the  hardened  steel.  But  softened  steel  had  exactly  the 
■une  eleetro-negative  force  as  pure  iron.  Therefore  the  carbon  in 
*iftaed  steel  could  not  be  in  actual  contact  with  the  iron  at  all ;  and 
uwu  only  when  it  took  the  form  of  alloy  that  it  could  be  seized  upon 
m  that  way  and  its  quantity  measured.  These  were  some  of  the 
ittoltB  of  his  experiments,  and  he  mentioned  them  as  an  indication  of 
^  pneat  views. 

The  PBmniKT  asked  Professor  Hughes  if  he  had  tried  the 
^ifaenoe  in  conducting  power  of  hard  and  soft  wires;  because  it 
^^  seem  that  particles  which  were  separated  from  each  other 
^oold  not  conduct  so  well  as  those  which  were  in  contact. 

^rol  HuoHXS  said  experiments  had  been  made  by  others  on  this 
■*^(Bee  Proceedings  of  the  Chemical  Society,  Dec.  1879,  p.  1000), 
^  which  it  had  been  found  that  the  conducting  power  of  tempered 

X  2 
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steel  WM  mnoh  lower  than  that  of  soft  steel.  But  this  oodd 
easily  explained,  because,  although  in  soft  steel  the  graphite  ^ 
separated  from  the  iron,  jet  the  iron  was  in  an  amorphous  sti 
while  in  the  hard  steel  it  was  crystalline ;  and  no  oystalline  sohttii] 
were  good  conductors. 

Mr.  Jabez  Jambs  wished  to  giye  a  little  of  his  experience  in 
workshop  with  reference  to  the  behayionr  of  steeL  Some  yean 
he  had  to  make  a  cast-steel  collar,  8  in.  or  3j^  in.  diameter, 
about  3^  in.  deep.  He  tried  several  ways  of  making  it,  and  mad 
many  as  nine  before  he  succeeded.  The  collars  seemed  right  enc 
until  he  attempted  to  harden  them,  but  then  they  cracked. 
another  case  he  had  some  cutters  to  make  for  the  War  Office,  a 
8  in.  diameter  and  1^  in.  thick,  with  a  hole  of  about  1  in.  dian 
through  them.  In  some  instances  they  dropped  in  halyes  in 
hardening,  while  in  others  they  stood  perfectly ;  they  were  all  i 
from  the  same  bars,  and  the  same  workman  cut  the  steel  off 
hardened  it ;  the  cutters  were  turned  howeyer  by  different  work] 
He  should  be  glad  if  any  member  could  explain  these  pecoliariti 

It  had  often  been  stated  that  cast  steel,  unlike  iron,  could  m 
welded ;  bat  he  had  lately  welded  some  large  steel  collars,  16  in.  ^ 
by  5  in.  deep  and  f  in.  thick,  and  in  only  one  case  had  he  £ul< 
produce  satisfactory  work ;  and  the  welding  of  steel  to  iron  c 
also  be  done  perfectly  with  proper  care. 

He  might  add  that  in  the  making  of  tools,  a  common  chip 
chisel  for  example,  it  should  not  be  drawn  by  the  hand  hamnn 
the  sledge  hammer,  bat  by  the  flatter.  His  reason  for  that  a^ 
was  that  the  marks  of  drawing  were  more  frequent  after  the  m 
the  hand  hammer  or  sledge  hammer  than  of  the  flatter;  and 
grain  of  the  steel  was  no  doubt  more  disturbed.  With  referen 
turning  tools,  it  was  not  the  hardness  that  was  most  importuii 
the  form  of  the  tool,  so  as  to  give  a  correct  cutting  edge.  The  i 
would  apply  to  drills  and  taps.  He  was  quite  conyinced  that  ii 
unnecessary  to  haye  a  tap  yery  hard;  its  excellenoe  dope 
much  more  on  the  form  of  the  cutting  edge.    If  that  was  ooi 
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tliere  would  be  mach  less  labour  for  the  workman^  and  not  so  great 
I  strain  upon  the  steeL 

Mr.  W.  Ford  Smith  obeerved  that  small  pieces  of  cast  tool-steel 
codd  be  welded  together,  or  welded  to  iron,  without  any  di£Sculty, 
by  the  use  of  welding  powders.  He  had  used  successfully  one  which 
eoDiisted  of  ten  parts  borax  and  one  sal  ammoniac. 

The  PaHDEHT  said  common  borax  would  answer  the  purpose 

Prof.  HuGHSB  asked  leave  to  mention  one  other  matter  he  had 

ootieed  in  his  investigations,  concerning  which  he  should  like  to  know 

vhether  it  was  borne  out  by  actual  practice  or  not.     When  he  heated 

ft  steel  wire  and  softened  it  in  the  flame  of  spirit,  as  he  generally  did, 

then  at  the  first  instant  after  it  had  become  cool  the  hardness  was  at 

iti  lowest  point,  but  if  the  wire  were  laid  aside  in  the  open  air,  the 

Ittidnesi  rose  in  value,  and  would  do  so  to  a  considerable  extent 

eifm  in  one  hour.    The  experiments  which  had  been  carried  out  on 

erystsllisatian,  as  well  as  his  own  electrical  experiments,  indicated 

dearly  to  him  that  steel  was  softest  at  the  moment  after  it  had  been 

soAened :  a  day  after  it  would  not  be  so  soft,  and  must  therefore  have 

aystallised  partially  when  left  to  itself. 

ICr.  Abthub  Paost  believed  there  was  some  evidence  that  the 
eonverae  was  also  true,  viz.  that  steel,  when  too  hard  from  some 
cause,  bftff^*^  gradually  softer.  He  had  been  told  that,  when 
Sheffield  manufftctnrers  found  a  parcel  of  steel  too  brittle,  it  was 
their  custom  to  put  it  aside  for  some  months,  at  the  end  of  which 
time  it  would  be  much  less  brittle;  but  he  had  never  made  any 
experiments  on  the  point. 

At  the  request  of  the  President  he  mentioned  another  matter 
which  somewhat  bore  on  the  question,  but  he  was  afraid  that  he  could 
not  stale  it  as  a  proved  fact,  although  his  workmen  had  a  strong 
belief  that  it  was  quite  true.  He  had  for  some  years  successfully 
ised  a  sjstem  of  hardening  very  thin  steel  plates  without  using  any 
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water  or  oil,  by  pressing  them  suddenly  while  red-hot  between  two 
surface-plates,  holding  them  there  for  a  short  time,  and  then  when 
cooled  dropping  them  out.  If  the  thin  steel  plate  was  clumsily 
caught  between  the  surface-plates,  so  that  it  was  allowed  to  rest  on 
the  lower  one  for  a  very  small  fraction  of  a  second  before  the 
upper  one  pressed  it,  it  would  come  out  considerably  curved ;  and 
the  men  stated  that  if  they  attempted  to  straighten  such  a  plate 
at  once  they  could  do  so  with  the  fingers,  but  that  at  the  end  of 
a  very  short  time  the  slightest  attempt  at  straightening  would  make 
it  break  in  pieces.  He  was  himself  however  in  considerable 
doubt  about  the  entire  accuracy  of  that  statement,  and  only 
mentioned  it  as,  if  true,  possibly  confirming  to  a  certain  extent 
Prof.  Hughes's  idea,  that  steel  was  softer  at  the  first  moment  after 
cooling  than  afterwards. 

Mr.  W.  W.  Bkaumokt  suggested  that  a  study  of  the  rationale  of 
the  method  of  production  of  Mushet's  tool-steel  might  give  some  due 
to  the  reason  for  the  hardening  of  ordinary  steel :  that  steel  being 
very  dense,  and  capable  of  turning  casi-iron,  wrought-iron,  and  some 
steels,  without  having  undergone  any  hardening  itselfl  He  put  it  as 
a  question,  whether  or  not  any  inference  as  to  the  change  undergone 
by  ordinary  steel  in  hardening  was  derivable  from  the  explanation  of 
the  superior  hardness  of  Mushet's  unhardened  steel,  supposing  that 
hardness  to  be  produced  by  design  from  known  e£fects  of  controllable 
causes. 

Mr.  John  Bobinson  asked  if  Mr.  Anderson  could  give  any  further 
evidence  as  to  the  statement  on  p.  228  of  the  paper,  that,  with  proper 
annealing,  cast  steel  was  fully  as  tough,  tenacious,  and  ductile  as  the 
forged  metaL  Upon  that  point  he  thought  the  meeting  would  b 
glad  to  have  further  information,  because  it  was  not  according  to  the 
experience  of  engineers  generally. 

Mr.  Jkbxmiah  Hxad,  referring  to  the  question  put  by  Mr. 
Bobinson,  wished  to  mention,  what  many  present  no  doubt  knew 
perfectly  well,  that  formerly  the  ingots  for  making  steel  rails  were 
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ill  hammered ;  bat  he  believed  that  now  there  was  hardly  a  steel  rail 
min  at  which  the  hammering  of  ingots  was  ever  talked  of.  He  had 
lumself  had  some  experience  in  rolling  ingots  into  steel  plates. 
When  he  hegan,  he  used  to  hammer  the  ingots  after  casting,  nnder  the 
idea  that  the  plates  would  thus  be  more  solid  and  of  better  quality ; 
bat  finding  that  there  was  a  great  deal  of  extra  waste  due  to  the 
noond  heating  thereby  occasioned,  he  discontinued  the  hammering 
iltogeiher;  and  the  ingots  were  now  simply  cast  flat,  and  then 
vM  without  any  luunmering  at  all.  The  plates  so  made,  as 
fiffishe  had  tried  them,  stood  Lloyd's  tests  quite  as  well  as  if  they 
hd  been  hammered* 

Mr.  BoBiNSOH  said  his  question  related  to  steel  castings  in  yarious 
foiiDfl,  toothed  wheels  for  instance,  which  could  not  be  hammered  or 
loUed.  In  Mr.  Head's  case  the  rolling  of  the  steel  ingot  had  to  some 
oteDt  the  aame  efifoct  in  giving  a  grain  to  the  steel  as  if  it  were 
bttmend. 

The  Pbmu>bht  mentioned,  with  regard  to  the  retaining  of  carbon 
in  ML  while  annealing,  that  many  years  ago  he  had  made  a  number 
of  loflling  tools  for  use  in  the  lathe,  and  had  annealed  them  in  oak 
iiwdost ;  and  he  had  found  that  by  this  means  the  steel  was  kept  in  good 
coBdition,  instead  of  being  impoverished  by  losing  the  carbon,  as  it 
*<NiId  have  been  if  cooled  in  the  ordinary  way.  With  regard  to  the 
"iddeD  cracking  of  masses  of  steel  when  cooling,  which  Mr.  James  had 
^ii^Khed  upon,  he  might  observe  that  sudden  chilling  in  cold  water 
U  i  bad  eSeat  upon  many  classes  of  steel.  It  was  impossible  for 
^  wire  to  be  drawn  hard,  if  it  had  been  chilled  in  cold  water ;  but 
i^diflled  in  hot  water  it  could  be  drawn  without  difficulty,  while  at 
&  nme  time  it  was  well  hardened  to  about  a  full  dark  blue  temper. 
^  was  particularly  important  in  drawing  steel  for  music  wire,  pit 
''^  and  steam-plough  ropes.  Steam  ploughing  in  fact  would  not 
•^if  it  were  not  for  the  hard  steel-wire  ropes.  That  wire  had 
^  been  made  in  Austria,  and  was  called  Austrian  music  wire ;  but 
,^I>iooeaB  had  since  been  introduced  into  this  country,  and  had  been 
^  ^  &r  the  last  fifteen  or  twenty  years. 
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Mr.  John  Fxrnh,  referring  to  the  splitting  of  large  piee 
snch  as  cutters,  said  that  the  Americans,  who  used  cutters 
Englishmen,  after  they  had  rough-turned  a  cutter,  and  boi 
softened  it  very  much  by  annealing;  and  when  finished 
steeled  it  as  it  were,  by  putting  it  for  some  time  in  a 
with  charcoal  or  other  materials.     He  believed  Englishn 
great  deal  to  learn  from  Americans  as  to  the  treatment 
Those  who  had  yisited  the  Exhibition  at  Philadelphia  in  IC 
remember  seeing  a  piece  of  American  steel  which  had  p 
number   of    -^  in.    holes    through  iron    2    inches    thid 
steel  was  treated  in  some  particular  way ;   but  he  had 
able  to  ascertain  how.     Most  of  the  large  cutters  made  ii 
were  made,  he  believed,  from  Sheffield    steel,  but    trei 
particular  way.     With  regard  to  the  difficulty  of  hardeni 
watch  manufacturer  in  Greneva  had  told  him  that  a  great  mi 
from  Sheffield  came  to  him  soliciting  orders  for  steel,  bat 
was  only  one  firm  on  whom  he  could  thoroughly  depend  tc 
steel  that  would  not  fly  to  pieces  in  hardening.     In  such  i 
workmanship  expended  upon  the  steel  was  many  times  tl 
the  steel  itself ;  therefore  it  was  most  important  to  get  a  pei 
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Mr.  Jabbz  James,  referring  to  Mr.  Femie's  remarl 
American  plan  of  annealing  cutters,  asked  leave  to  me 
often,  when  steel  came  from  the  forge,  and  a  rough  cut 
from  it  in  the  lathe,  it  was  found  to  be  very  pinny.  He  I 
cases  where  it  would  turn  the  edge  of  the  tool  or  drive  the 
away  from  it.  If  steel  of  that  class,  after  a  rough  out 
taken  from  it,  was  annealed  in  lime  and  sawdust,  or  lime  an< 
it  would  be  found  to  work  very  soft;  but  on  hardening 
again,  unless  it  were  again  put  through  a  process  of  oharooi 
not  take  temper  so  well  as  it  would  before.  With  regard 
they  were  very  extensively  used  in  this  country,  and  he  b 
the  cutters  used  in  America  were  copied  from  English  man 

Mr.  Andxbsom  said,  in  reply,  that  the  enormous  diflBoo] 
subject  had  grown  upon  him  the  more  he  had  tamed  his  al 


p 


IruL  1880.  CHSBHOFF's  PAPSBS   OH  8TKKL.  241 

it  Not  only  was  it  extremely  difficult  in  itself,  bnt  it  required  a 
grei^  iinge  of  knowledge  in  physical  science  to  be  able  to  grapple 
with  it :  as  bad  been  forcibly  brought  out  by  what  Professor  Hughes 
kid  elieited  by  means  of  electricity,  showing  that  it  was  necessary  to  take 
op  thtt  study  also,  in  order  to  work  out  the  question  of  hardening  and 
tempering.  Professor  Hughes's  reasoning  from  electrical  facts  went 
to  ibow  that  ibere  was  a  separation  of  the  carbon  in  the  form  of 
gi^te  when  the  steel  was  soft,  and  a  combination  with  the  iron  when 
it  WM  bard.  Tbe  difficulty  be  found  in  acquiescing  in  that  statement 
ntjtbat  it  bad  generally  been  supposed  that  the  separation  of  carbon 
in  the  fonn  of  graphite  must  be  accompanied  by  a  weakening  of  the 
anterisL  Tbe  reason  why  cast  iron  was  so  much  weaker  than  steel 
wu  npposed  to  be  that  the  excess  of  c«**bon  in  cast  iron  assumed  the 
fim  of  giapbite  in  separate  particles,  and  those  particles  were  inter- 
pond  between  tbe  particles  of  iron,  and  so  reduced  their  cohesion. 
But  nft  steel  was  generally  more  ductile,  and  carried  nearly  as  high 
ft  tnnle  stnin  as  hardened  steel ;  whereas  it  appeared  to  him  that,  if 
PMfflHor  Hughes's  yiew  was  right,  the  quantity  of  graphite  in  the 
•oft  itesl,  which  most  be  considerable,  ought  to  weaken  it  very  much 
am  thsn  it  did. 

It  wu  desirable  that  the  word  steel  should  be  better  defined. 

He  bad  written  recently  to  bis  friend  Mr.  Chernofi^  at  the  request  of 

tkSeereiaiy  of  the  Inst.  C.K,  with  respect  to  the  behaviour  of  steel 

ittder  extreme    cold,  a    paper  baying  lately  been    read    at    that 

Imtitotion  upon  tbe  subject.     In  answer,  Mr.  Gbemo£f  asked  what 

ftej  ware  talking  about  when  they  talked  of  steeL    If  they  talked  of 

itoel  in  bis  sense  of  tbe  term — t.e.  a  mixture  or  combination  of  pure 

hoa  and  pme  oarbon — then  bis  answer  was  that  cold  produced  no 

eftet  wbatorer  upon  it.    In  tbe  case  of  pure  steel  manufftctured  at 

the  Abcmoboff  Steel  Works,  they  were  as  willing  to  submit  their 

tjies  and  other  steel  articles  to  any  tests  in  the  severest  cold,  as  they 

were  in  warm  weather.      But    if  they   talked  of  steel   containing 

phos|ibonui  besides  carbon  and  iron,  that  was    a   totally  different 

mstter ;  and  extreme  cold  produced  a  very  sensible  effect.    Steel  with 

phos|ibonis  in    it  would  stand    a   test  in  warm  weather  which  it 

vonld  not  stand  in  cold.    That  fftct  seemed  to  confirm  the  previous 
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remarks  of  Mr.  Chemo£f,  as  to  the  extreme  importance,  i 
comparing  the  behavionr  of  steel  under  yarious  circnmstancei 
being  qnite  sore  about  the  substance  of  which  thej  were  tdl 
Carbon  and  iron  was  one  class  of  steel ;  carbon,  phosphoros,  and 
another;  carbon,  phosphorus,  manganese,  and  iron  another ;  and  cu 
silicon,  manganese,  and  iron  still  another.  It  was  no  more  £u 
compare  together  steels  containing  different  ingredients,  than  it  w 
be  to  compare  the  behaviour  of  cast  and  wrought  iron.  No  d 
it  was  the  neglect  of  this  important  fact  that  accounted  for  a  ( 
many  anomalies  which  were  to  be  found  in  statements  about 
behaviour  of  steel. 

With  respect  to  the  hardening  of  steel,  one  of  the  ideas  which 
been  broached  was,  that  it  was  connected  in  some  way  with 
greater  or  less  proportion  of  hydrogen,  or  other  gases,  containe 
the  steel ;  and  that  the  hardening  was  caused  by  the  particles  of  i 
being  allowed  to  approach  more  closely  to  each  other,  by  reaao 
the  gases  being  driven  out  from  between  them.  If  so,  it  would  sec 
follow  that  hardened  steel  ought  to  be  of  greater  specific  gravity 
unhardened  steel.  But  it  was  a  notorious  fact  that  hardened  i 
"swelled,"  or  became  more  bulky.  Nevertheless  he  beliere 
hardened  steel  could  be  got  in  a  state  of  repose,  it  would  be  of  gn 
specific  gravity  than  soft  steel ;  the  difficulty  was  to  get  it  in 
state.  With  a  view  of  finding  out  what  the  condition  of  hard  i 
really  was,  he  paid  a  visit  to  the  Mint,  and  asked  to  see  the 
which  were  used  in  coinage,  and  which  were  said  to  crack  very  c 
Sometimes  they  were  finished  and  put  away,  and  when  aften 
taken  out  for  use  were  found  to  be  cracked.  He  argued  that  ii 
"  swelling "  of  the  steel  was  caused  by  the  decrease  of  its  qM 
gravity,  there  ought  to  be  no  particular  strains  to  cause  the  emdi 
It  would  be  otherwise  if  the  "  swelling "  was  due  to  the  ma 
setting  of  the  steel,  the  outer  part  first  of  all  setting  haid,  an^ 
inner  part  afterwards  cooling  and  trying  to  drag  the  outer  partaf 
in  its  contraction.  In  that  case  the  inner  part  would  be  in  a  sti 
tension,  and  the  outer  part  in  a  state  of  compression ;  and  the 
ought  to  crack,  not  radially,  but  in  circular  cracks  inside  the  i 
layers.    On  examining  a  number  of  dies  he  fotmd  this  to  be  aot 
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tbe  086^  Two  dies,  with  circnlar  cracks  of  this  kind,  had  heen 
poented  hj  the  Mint  to  the  Institution.  Another  die  was  cracked 
in  Uie  foim  of  a  narrow  ellipse,  which  however  showed  the  same 
teDdeoej.  Further  he  argned  that,  if  a  flat  piece  of  hardened  steel 
wu  cooled  on  one  side  only,  it  ought  to  he  hollow  on  that  side  from 
the  contraction  of  the  steel  at  that  part ;  and,  as  stated  in  the  paper, 
lie  foond  on  trial  that  this  was  really  the  case. 


Mr.  BoBDrsoH  remarked  that  the  elliptical  form  of  crack  at  the 
centre  of  the  har  was  a  common  failure  in  ordinary  hars  of  steel,  as 
deliTered  from  the  steel  manufEustory  without  heing  hardened. 


Mr.  Andsbsov  said  it  was  at  any  rate  clear  that,  if  the  crack  was 
doe  to  the  ontaide  heing  in  tension,  it  would  he  radial.  But  the 
cueiihir  form  was  invariahly  the  way  in  which  dies  cracked ;  and  it 
ikowed  what  care  there  ought  to  he  in  such  investigations  not  to 
jump  hastily  to  conclusions.  Taking  the  specific  gravity  of  a  piece  of 
Ittidfloed  steel  in  the  ordinary  way,  and  comparing  it  with  that  of  the 
■me  piece  whan  soft,  it  would  he  found  that  it  was  slightly  less ; 
wheroas  in  reality,  aa  he  helieved,  the  specific  gravity  of  the  hardened 
iteel  was  greater,  because  the  particles  approached  more  nearly 
tq^Bther  than  before. 

With  reference  to  Mr.  Bobinson's  question  as  to  the  relative 

itnngth  of  oast  and  forged  steel,  he  could  only  refer  him  to  the 

tnnslatioii  of  Mr.  ChemofTs  paper  (Proceedings  1880,  p.  182),  where 

iie  would  find  the  Tables  alluded  to.     Several  facts  given  in  the 

jvefioiia  pages  confirmed  the  view  that,  when   properly  annealed, 

iteel  caatingSy  aa  produced  at  the  Aboucho£f  or  Terre-Noire  Works, 

were  aa  strong  as  steel  forgings.    His  own  experience — and  some 

yean  back  he  had  used  cast  steel  in  very  large  masses-— did  not  at 

all  eoExBim  that  view.    His  own  impression  had  been  that  the  steel 

flirtings  lie  had  used  were  not  many  degrees  removed  from  cast  iron : 

bat  that  was  some  years  ago,  and  every  year  enormous  advances  were 

made  in  the  casting  of  steel,  so  that  he  had  no  doubt  the  statements 

of  Mr.  Gbemoff  were  perfectly  correct. 
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There  was  a  casual  allnsion  in  Mr.  Ghemoff'B  paper  (Proeeed 
p.  170)  to  the  use  of  steam  pressure  in  casting  steel  ingotiL 
understood  that  the  Terre-Noire  Works,  alluded  to  as  hanng 
that  system  of  casting,  had  not  onlj  tried  but  were  actually  i 
it  In  his  own  paper,  it  would  rather  appear  as  if  he  had  assi 
the  credit  of  using  steam  pressure  in  casting  ingots  entirely  t 
Americans ;  but  it  appeared  that  it  had  been  worked  out  independ 
by  the  highly-intelligent  gentlemen  connected  with  the  Tezre-1 
Works. 

In  conclusion  he  would  only  ask  all  who  had  opportunitii 
doing  so  to  communicate  to  the  Institution  eyery  fact  of  interest 
came  before  them  in  relation  to  this  very  difficult  subject  It 
quite  impossible  to  tell  what  importance  the  facts  mi^t  1 
when  collated  with  the  other  facts  which  the  Beseardh  Gomn 
was  collecting,  in  solving  the  mystery  which  attached  to  the  sal 
before  them. 

The  Pbksident  asked  the  members  to  pass  a  Tote  of  thaoli 
Mr.  Anderson  for  his  interesting  paper. 
The  vote  of  thanks  was  passed. 


The  following  paper  was  then  read : — 
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ON  WATEBrPEEBSUEE  ENGINES  FOR  MINING 

PURPOSES. 


Bt  Mb.  HENBT  DAYEY,  of  Leeds. 


In  this  paper  the  snthor  proposes  to  discuss  some  of  the  leading 
qoeitioiia  inyolTed  in  the  proper  oonstmction  of  Hydraulic  Engines, 
nch  AS  are  anited  to  considerable  pressures;  excluding  from 
eoofldenfcion  turbines  and  similar  machines,  which  cannot  be 
coneetly  designated  water-pressure  engines. 

Water-Ptesmire  Engines  are  usually  intermittent  in  action ;  nor  is 
the  ftothor  acquainted  with  any  practically  successful  engine  which 
worb  with  a  continuous  and  uniform  flow.  Rotary  water-pressure 
ogmet  haTe  been  employed  and  experimented  upon,  but,  as  £tur  aa  the 
Mitlior  is  aware,  without  much  success.  Sir  William  Armstrong 
gperimented  with  a  rotary  engine  before  he  perfected  his  water- 
premre  machinery,  now  so  well  known  {see  Proceedings  Inst.  0.  E., 
▼oL  L.,  p.  64). 

Water  supply,  depending  as  it  does  on  rainfall,  is  necessarily 

TiriaUe  where  there  is  not  an  impounding  reservoir  of  sufficient 

eaptcity  to  compensate  for  the  variations  in  the  fall ;  and  the  great 

difficulty  of  forming  such  reservoirs,  in  localities  where  water  power 

is  available,  is  the  chief  reason  why  the  mechanical  energy  of  the 

water,  which  fiJla  on  the  high  ground  and  gravitates  to  the  valleys, 

is  not  utilised  more  than  it  actually  is.    The  subject  however  has 

not  received  the  attention  it  deserves ;  and  steam  is  often  employed, 

Qtpeoially  in  hilly  districts,  where  water  power  would  have  been 

practicable  and  very  much  less  expensive.    Metalliferous  mines  are 

usoally  sitoated  in  hilly  districts,  and  are  often  worked  to  the  depth 

of  the  adjoinisg  valley  through  an  adit  leveL    Several  mines  may  be 

drained  Ihiaagh  the  same  level :  a  notable  instance  being  the  Sutro 
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Tunnel.  In  such  cases  water  may  be  collected  on  the  lull,  and 
condacted  through  a  shaft  to  an  adit  level,  and  there  employed  to 
work  the  mine;  a  practical  example  of  this  is  giyen  in  a  sabseqnent 
part  of  this  paper. 

The  ayerage  yearly  rainfall  in  England  is  42  inches;  but  in 
hilly  districts  it  is  more,  and  probably  ayerages  63  inches.  The 
loss  from  absorption  and  evaporation  must  necessarily  vary  gpreatly 
in  different  localities;  and  probably  not  more  than  an  average  of 
30  inches  could  be  gathered  into  reservoirs,  which  is  eqnal  to  about 
1^  gallon  per  minute  per  acre,  or  800  gallons  per  square  mile ;  or, 
in  round  numbers,  one  square  mile  of  elevated  ground  contribates 
24  H.P.  for  each  100  feet  of  elevation. 

When  the  difficulties  are  considered  of  collecting  and  storing 
such  a  variable  quantity  as  the  rainfall  (which  varies  in  England 
between  20  and  70  inches  per  annum),  it  is  easily  seen  that  it  is  only 
in  exceptional  cases  that  the  rainfall  from  elevated  lands  can  be 
made  available  for  power,  unless  where  the  natural  contour  of  the 
hills  contributes  very  largely  to  the  desired  result. 

A  body  of  water  at  rest  in  a  pipe  exerts  at  any  point  a  pressure 
proportional  to  the  head  or  vertical  height  of  the  column  above  that 
point.    Let 

h  =  the  head  of  water  in  feet  above  any  point, 
p  =  the  pressure  in  lbs.  per  sq.  in.  at  that  point ; 
then|)  =  0-43  A. 

A  column  of  water  in  motion  in  a  pipe  has  an  aoqnired  energy 
expressed  in  foot-lbs.  by 

2  g        64-4 

in  which  W  is  the  weight  in  lbs.,  and  v  the  velocity  in  feet  per  second. 
The  acquired  energy  thus  varies  directly  as  the  weight  and  as  the 
square  of  the  velocity. 

If  the  velocity  of  a  given  weight  of  water  is  not  altered,  its 
acquired  energy  is  not  increased  or  diminished.  But  a  column  of  wmtur 
moving  with  an  accelerating  velocity  exerts  a  less  pressure  than  the 
same  column  at  rest ;  and  a  column  of  water  whose  velocity  is  being 
retarded  exerts  a  greater  pressure  than  the  same  column  at  rest 
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If  •  oolumn  of  water  in  motion  be  suddenly  stopped,  its  acquired 
oeigj  is  spent  in  producing  a  blow  or  shock ;  hence  any  water- 
ynmm  engine,  in  which  the  motion  of  the  driving  column  is 
soddanlj  arrested  n  times  per  minute,  loses  in  ft.-lbs.  per  minute  the 

eoergj  represented  by  n  ^. 

If  •  waleivpressure  engine  be  employed  to  overcome  a  constant 
ranstuioe,  its  minimum  power  must  be  equal  to  that  resistance ;  and 
if  tbe  velocity  of  the  driving  column  varies,  then  its  energy  yaries, 
ttd  the  energy  due  to  the  difference  between  the  maximum  and 
fflinifflum  velocity  is  lost 

Let  9  and  Y  be  the  lower  and  the  higher  Telocity  alternately 
•moed  by  the  vrater  column,  n  the  number  of  changes  per  minute, 
nd  I  the  loss  of  energy ;  then 

•  =  n  ——J — n  -zrr-T. 
64-4  64-4 

Wtter-preonire  engines  are  employed  in  pumping  water,  in 
winding  materials  from  mines,  and  in  driving  machinery  of  various 

kbdi. 

For  pumping  vrater,  the  engine  is  usually  applied  direct  to  the 
pvmp,  and  in  its  simplest  form  is  illustrated  in  Fig.  1,  Plate  19,  which 
fepresents  the  water-pressure  engine  erected  by  Trevithick  at  the 
Dmid  Copper  Mines,  Illogan,  near  Bedruth.   The  engine  consisted  of 
•  10-in.  double-acting  hydraulic  cylinder  A,  provided  with  a  piston 
^TJng  a  stroke  of  9  ft.    From  the  cross-head  of  the  engine,  spear- 
rods  descended  to  work  the  pumps.    The  valves  consisted  of  two 
lead  **  plugs,"  or  pistons,  B  and  C.     Bods  attached  to  these  plugs 
passed  through   stuffing-boxes  in   the  valve-chest  cover,  and  were 
connected  by  means  of  a  chain  passing  over  a  chain- wheel  D.    A  lever 
on  the  axis  of  the  chain-wheel  was  connected  to  the  tumbling  weight 
W.    The  movement  of  the  main  piston  towards  the  end  of  its  stroke, 
acting  by  tappets  fixed  on  the  piston-rod,  caused  the  tumbling  weight 
to  be  pushed  over  the  centre,  as  in  Fig.  2 ;  and  in  that  way  the  valves 
or  plugs  B  and  C  were  reversed,  and  the  retam  stroke  of  the  engine 
effocted. 
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If  the  pings  B  and  C  were  made  to  cover  the  portSy  and  therel 
to  prevent  all  slip  of  water  past  them,  then  the  driving  oAiai 
would  be  abaolntely  stopped  at  the  end  of  each  strokei  as  won 
be  also  the  delivery  column  of  the  pumps.  Tha  oonsequc 
loss  of  energy  would  be  very  great,  and  would  be  detennined 
the  expression  given  above.  Severe  shocks  would  also  be  prodm 
at  the  end  of  each  stroke.  To  reduce  the  severity  of  these  shoe 
Trevithick  made  the  plugs  B  and  C  less  deep  than  the  width  of  i 
ports,  as  seen  in  Fig  1,  and  thereby  allowcid  water  to  pass  throi 
from  the  driving  column  to  the  exhaust  during  the  reversal 
the  stroke,  thus  preventiug  the  absolute  stoppage  of  the  driv 
column.  This  device  reduced  the  shock  at  the  expense  of  wat 
and  the  efficiency  of  the  engine  must  have  been  smalL 

The  loss  of  energy  arising  from  fluctuations  of  velocity  in 
driving  column  is  directly  proportional  to  the  weight  of  the  drivi 
column,  and  therefore  to  its  length ;  consequently,  when  the  heij 
of  the  column  is  inconsiderable  compared  with  its  length,  « 
therefore  its  power  small  compared  with  its  weight,  the  percenti 
of  loss  is  very  greatly  increased. 

In  applying  hydraulic  power  for  draining  the  dip  and  disti 
workings  in  mines,  the  author  has  practically  experienced  ) 
difficulty  of  having  to  deal  with  a  column  very  long  compared  w 
its  height.  A  practical  example  is  given  in  Figs.  6  and  7,  Plate  : 
which  represent  two  engines  at  Griff  Colliery,  near  Nuneaton :  tb 
are  now  employed  to  pump  out  a  very  long  dip  working,  and  will 
kept  for  draining  it  permanently.  There  are  two  hydraulic  engi] 
A  and  B,  each  capable  of  raising  150  gallons  per  minute  to  150 
height,  through  800  ft.  of  7^in.  delivery  pipe  CO,  under  an  effect 
head  in  the  driving  column  of  450  ft.,  this  head  being  supplied  throu 
1900  ft.  of  5-in.  supply  pipe  DD.  In  commencing  to  get  out  the  wa 
from  the  dip,  the  first  engine  was  placed  as  near  as  possible  to  i 
surface  of  the  water.  Suction  pipes  £  were  then  added,  as  the  wa 
was  lowered,  until  a  vertical  depth  of  25  ft.  was  reached ;  the  seeo 
engine  was  then  placed  close  down  to  the  water-level,  and  the  opetati 
continued.      In  that  way  the  pimiping  was  unintermpted,  and 
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diituioe  of  150  ft  down  the  dip  coald  be  reached  before  it  became 
WKouuj  to  moTe  either  engine,  the  inclination  of  the  dip  being 
1  in  6.  The  water  delivered  at  the  top  of  the  dip  working  is 
mndncted  to  the  samp  S  of  the  main  pumping  engines,  and  the  water 
iivdriTing  the  hydraulic  engines  is  conveyed  down  the  shaft  from  the 
m&oe  of  the  mine ;  so  that  the  main  pumping  engines  have  to  pamp 
ike  witer  delivered  at  the  sump,  which  includes  the  water  used  in 
vofking  the  hydraulic  engines.  The  exhaust  water  from  the  power 
Cflinder  is  delivered  direct  into  the  rising  main  of  the  hydraulic 
pimp,  80  that  the  hydraulic  engines  work  with  an  effective  head 
cfttd  to  the  height  of  the  supply  cistern  above  the  main  engine 
ttmpS. 

A  longitudinal  section  of  the  hydraulic  engines  is  given  in 
Kg.  8,  Plate  21.  The  stroke  is  2  ft.  6  in.,  diam.  of  power  cylinder 
6|  in.,  of  pump  8f  in.    Thus  the  useful  effect  is  represented  by 

(r^jx  £r,Q  =   ^^  P®^^  ^^*'     ^^^  speed  of  working  is  12  double 

Mas  per  minute.  It  will  be  seen  that  the  pump  is  provided  with 
I  looie  liner  M ;  by  withdrawing  this  liner,  and  putting  in  a  larger 
jutoa.  of  12^  in.  diam.,  the  capacity  of  the  pump  is  doubled,  enabling 
Aft  engine  to  pump  double  the  quantity  to  half  the  height.  The 
hrgsr  piston  is  used  until  half  the  total  depth  is  reached,  when  it 
keomes  necessary  to  insert  the  liner,  and  use  the  smaller  piston  for 
fteiemaining  depth. 

The  valves    of    the  power    cylinder    are    of    a  very  peculiar 

.    tttttmction,  and  were  designed  by  the  author  with  a  view  to  get 

t^    lid  of  the  difficulties  encountered  in  applying    slides,   and   other 

^    flidiiitiy  valves,  to  water-pressure  engines.    They  are  shown  to  a 

;.    liigv  Boale  in  Figs.  9  and  10,  Plate  21.    Eeferring  to  Fig.  10,  the  top 

"i    orifice  F  is  the  inlet,  and  the  bottom  one  G  the  outlet  or  eduction 

pipe;  and  the  pipes  J  and  E  form  communications  to  the  two  ends 

^  the  power  cylinder.     The  eduction  valves  are  annular  gun-metal 

I    pbtons  HFTj  working  vertically,  and  each  having  two  valve-beats, 

one  on  the  inner  edge  I  and  one  on  the  outer  edge  O  of  its  bottom 

bee.    As  the  annular  valve  descends,  the  outside  beat  closes  the 

AXDmanioation  to  the  eduction  pipe;  and  the  inlet  valve  L,  rising 

Y 
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against  the  inner  beat,  closes  the  supply.  This  inlet  Talve  i 
ordinary  single-beat  mnsbroom  valve,  with  its  stalk  projec 
upwards  and  attached  at  the  top  to  a  piston  N ;  the  bottom  &< 
this  piston  is  constantly  under  the  pressure  of  the  driving  ool 
while  the  top  face  is  exposed  alternately  to  the  pieesure  of 
driving  column  and  to  the  pressure  in  the  eduction  pipe,  by  n 
of  a  small  gun-metal  slide-valve  P,  Fig.  9,  actuated  by  a  lever  Q 
tappet-rod  R,  Fig.  8.  The  action  of  the  two  valves  in  combin 
will  be  readily  seen  by  supposing  that  the  exhaust  valve  is  d 
and  the  pressure  valve  is  open,  as  on  the  left-hand  side  of  Fig 
then  the  pressure  valve  L,  in  closing,  rises  up  against  the  am 
exhaust  valve  H,  and  lifts  it,  opening  the  exhaust  orifice  G. 
valves  are  now  in  the  position  shown  on  the  right-hand  sid 
Fig.  10.  Towards  the  end  of  the  stroke,  an  arm  S  attached  k 
cross-head  of  the  engine  strikes  the  tappet  and  so  pushes  the  i 
valve  over,  into  such  a  position  that  the  top  of  the  right-hand  t 
piston  is  exposed  to  the  pressure  column  and  that  of  the  other  in 
eduction  column.  The  main  valves  are  thereby  reversed :  the  r 
hand  piston  being  under  equal  pressure  top  and  bottom,  the  prei 
on  the  top  of  the  annular  valve  H  forces  it  downwards,  cairyiiij 
pressure  valve  L  with  it.  When  the  valve  H  has  come  down  o 
beat  0,  closing  the  exhaust  orifice,  the  valve  L  continues  to  del 
under  the  pressure  above  it,  and  opens  the  pipe  K  to  the  pra 
water,  as  on  the  left-hand  side  of  Fig.  10.  On  the  other  mA 
ascending  piston  causes  its  inlet  valve  to  dose,  and  its  edn 
valve  to  open.  With  this  successive  and  alternate  action  of  the  ii 
they  cannot  in  working  be  placed  in  a  position  which  would  i 
any  water  to  slip  through  uselessly  ;  that  is  to  say,  it  is  impoi 
for  the  exhaust  valve  and  the  pressure  valve  ever  to  be  both  of 
open  at  the  same  time.  The  opening  of  the  exhaust  valve  Aeipm 
the  closing  of  the  pressure  valve,  and  the  pressure  valve  cannoi 
until  after  the  exhaust  valve  has  closed  ;  so  that  it  is  impossili] 
either  valve  to  be  open  except  while  the  other  valve  is  dosed* 

The  practical  effect  of  this  action  on  the  velocity  of  the  dz 
column  is  to  retard  it,  but  not  absolutely  to  stop  it;  and,  i 
joint  displacement    of   the   two  valve  pistons  were  equal  li 
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^i^IioemeQt  of  the  main  piston,  tlie  fluctuation  in  Telocity,  as 
npraented  in  the  diagram,  Fig.  3,  Plate  19,  would  be  very  similar 
to  tint  GftUBed  by  the  working  of  two  simple  engines  coupled  by 
cnmb  it  right  angles  to  each  other,  which  is  shown  in  the  diagram, 
Fig.  1  When  the  two  hydraulic  engines  are  in  their  final  position, 
isd  €Ui  be  placed  side  by  side,  they  can  be  so  arranged  that  engine  A 
VQtb  the  change  valye  of  engine  B,  Plate  20,  and  vice  versa.  In 
iliii  way  the  fluctuation  of  Telocity  in  the  columns  can  be  further 
ndveed  to  that  represented  in  Fig.  5,  Plate  19.  Here  A  A  are  the 
diigniiii  of  Telocity  for  one  engine,  and  BB  the  corresponding 
iiraited  diagrams  for  the  other  engine.  It  will  be  seen  that  as 
fte  felodty  diminishes  in  A,  at  the  ends  of  the  strokes,  it  increases 
in  B,  and  friee  vend;  and  theoretically,  the  decrease  and  increase 
being  the  same,  the  resultant  line  of  Telocity  in  the  driTing  column 
lioild  be  the  horizontal  full  line  YV.  In  practice  this  is  not  quite 
tbe  flue,  and  there  is  a  rise  of  Telocity  at  the  ends  of  the  strokes,  as 
Aown  by  the  dotted  line  at  B,  B. 

The  donble-acting  engines  just  described  were  specially  designed 
fe  the  purpose  they  are  applied  to,  which  necessitated  their  occupying 
t  fwj  small  space,  and  being  Tory  portable.  But  in  the  majority 
d  CMOS,  especially  where  the  engines  are  applied  under  considerable 
ftmnoByiid  where  the  water  is  at  all  dirty,  the  author  uses  plungers 
imlnd  €i  pistons. 

An  example  of  a  pair  of  engines  with  plungers,  and  appUed  under 
nry  haary  pressure,  is  giTon  in  Fig.  13,  Plate  22.  These  engines  were 
mde  for  pumping  brine  of  1*3  specific  graTity  from  the  Mansfield 
Oompany's  deep  salt-mine  in  Westphalia,  and  were  adopted  by  the 
Company  after  they  had  had  considerable  experience  with  a  similar 
engine  applied  nnder  similar  conditions.  The  author  had  nothing  to 
do  with  anything  beyond  the  engines  themselTes ;  and  regrets  that  he 
is  not  in  a  position  to  giTO  particulars  of  the  accumulator,  and  the 
eogines  which  sapply  it ;  these  are  howoTcr  of  the  usual  construction. 
Each  hydraulic  engine  is  capable  of  raising  per  minute  66  gallons 
of  brine  l^OOO  ft.  high,  with  an  eflectiTO  pressure  of  560  lbs.  per  sq. 
IB.  im  the  aooimiiilator  A,  eqniTalent  to  1,000  ft.  head  of  brine.    In 

T  2 
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tho  larger  view,  Fig.  16,  Plate  23,  B6  are  the  power  plnngen  of 
diam.,  redaced  to  5  J  in.  diam.  in  the  pumping  cylinders  CC.  Theri 
and  falling  columns  of  the  power  water  halance  each  other,  and  the 
of  the  accumulator  pressure  exactly  balances  that  of  the  brine  ii 
rising  main :  so  that  the  useful  effect  is  simply  given  by  the  : 
between  the  total  area  of  the  plunger  at  B,  and  the  reduced  annulaz 
at  C.    Honce  useful  effect  =  ?M5- 125)^  ^  gg  ^^  ^^^^    jr^^  ^ 

yalyes  DD  are  precisely  similar  to  those  already  described,  bm 
placed  in  separate  boxes,  because  the  power  cylinders  are  sepan 
they  are  shown  in  section  to  a  larger  scale  in  Fig.  14,  and  one  of 
pump  yalves  EE  in  Fig.  15,  Plate  22.  The  change  yalye  O,  Fig 
is  worked  by  a  tappet  arrangement  similar  to  that  already  desci 
for  the  dip-engines. 

The  effect  of  fluctuations  of  yclocity  in  the  driving  colmnn  i 
an  accumulator  is  similar  to  that  in  a  column  with  a  natural  h 
and  the  effect  of  enlarging  tho  ram  of  the  accumulator  is  to  loi 
the  velocity  of  the  moving  weight,  in  the  same  way  as  the  velo 
of  the  water  is  reduced  by  enlarging  the  pipe  in  the  other  ( 
Hence  it  is  highly  important  that  when  an  accumulator  is  t 
it  should  be  very  large,  thereby  making  its  pulsations  very  slow* 

As  an  example  of  the  practical  application  of  water-prefl 
machinery  to  the  working  of  a  metalliferous  mine  in  a  hilly  disfa 
the  author  has  prepared  Figs.  17  to  25,  Plates  24  to  27,  wl 
represent  the  machinery  designed  by  him  for  the  A.  D.  Lead  K 
near  Richmond,  Yorkshire. 

It  will  be  seen  from  Fig.  17,  Plate  24,  that  there  is  a  reeer 
situated  on  the  hillside  above  the  mine,  at  an  elevation  of  about  50 
above  the  adit  IcveL  Pix>es  are  led  from  this  reservoir  down 
hillside  for  a  distance  of  1800  ft.,  and  are  then  taken  240  ft.  don 
vertical  shaft  to  the  interior  of  the  mine,  at  the  inner  end  of  the  i 
level.  At  this  point  a  large  chamber  is  excavated^  to  oontain 
pumping  and  winding  engines. 

The  pumping  engine.  Figs.  18  to  22,  Plates  24  to  26,  oonsiil 
two  vortical  hydraulic  cylinders  AA,  each  having  a  power  zam  1! 


if 
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<lttmeter  bj  7  ft.  stroke.  The  rams  are  connected  together  by  a  chain 

pianngover  an  OTerhead  chain-pulley  P,  Fig.  21,  so  that  one  ram 

iBikefl  its  np-fitroke  whilst  the  other  is  descending.      A  rod  3  in. 

dometer,  fixed  to  the  ram,  passes  down  through  a  stuffing-box  in  the 

bottom  of  the  hydraulic  cylinder,  and  is  attached  to  the  pump-rod. 

Tbe  pumps  are  each  13  in.  diameter,  and  of  course  the  same  stroke 

u  the  hydraulic  rams.     On  each  hydraulic   cylinder  is  placed  a 

nlT6-box  B,  shown  in  section  in   Fig.  22,  with  valves  similar  to 

tlioie  already  described  in  connection    with   the  other  hydraulic 

eogbes;  both  valve-boxes  are  connected  with  a  single  change- valve 

C.  The  pumps.  Figs.  18  to  20,  are  of  the  ordinary  bucket  type, 

pnifided  with   clack  pieces,  door  pieces,  and  wind  bores,   such  as 

ire  generally  used  for  sinking  purposes.     The  pumps  will  be  used  in 

deepening  the  shaft,  and  the  hydraulic  engines  are  proportioned  for 

"^gf  *t  6^  strokes  per  minute,  500  gallons  of  water  from  a  depth 

<tf  S60  ft.  to  the  adit  level,  the  present  depth  being  about  120  ft. 

At  die  fall  depth,  with  534  ft.  head  on  the  rams,  the  useful  effect 

wiUbe  represented  by  —15!-  v  ||5  =  84  per  cent. 

The  winding  engine.  Figs.  23  to  25,  Plate  27,  consists  of  a  pair  of 

teUe-ftcting  hydraulic  cylinders,  coupled  to  right-angled  cranks  on 

tltedriring  shaft,  which  latter  is  geared  to  the  winding  drum  by  a  spur 

piaioo:  the  general  arrangement  of  the  engine  being  very  similar 

to  that  of  a  steam  winding  engine.     The  gearing  has  a  proportion  of 

1  to  6,  and  the  winding  drum  is  6  ft.  diameter.     The  weight  to  be 

niaed  is  2  tons  of  ore  at  a  time.     The  cylinders  are  5^  in.  diam., 

16  in.  stroke,  and  run  at  19^  rev.  per  min.,  giving  a  speed  of  60  ft. 

per  min.  to  the  rope.     The  admission  and   eduction  valves  are 

Mmewhat  similar  in  construction  to  those  already  •  described,  but 

tre  driven  by  means  of  eccentrics,  having  a  link  reversing  motion, 

tnd  are  pot  in  equilibrium  by  the  somewhat  novel  arrangement 

ihown  in  Fig.  25.    The  two  mushroom  admission  valves  £E  are  on  the 

flame  spindle,  on  which  are  also  fixed  two  pistons  GG  each  equal  in 

diameter  to  the  annular  eduction  valves  JJ.      These  pistons  work 

in  cylinders   KE,   placed  beyond   the   engine  ports,   and  forming 

comtiniiations  of  the  valve-box.    By  following  out  the  motion  of  the 


\\ 


254  WATEB-PRSSSURK  MOmrG  SN6INU. 

▼alves,  as  giyen  by  the  eccentric,  it  will  be  seen  that  the  < 
only  to  oYcroome  the  resistance  due  to  friction,  becanse  in 
the  yalves  are  balanced  as  regards  pressures.  Thif 
considers  an  important  improyement  in  this  type  of  hyd 
as  it  enables  very  large  valves  to  be  used,  and  thus  prev* 
from  throttling.  It  also  enables  the  reversing  to  be  do 
of  a  link  motion,  and  gives  easy  and  complete  control  ove 

Having  described  some  examples  of  water-preasur 
general  application,  the  author  proceeds  to  describe 
specially  designed  for  particular  cases. 

In  Fig.  26,  Plate  28,  is  shown  a  peculiar  application  o: 
pumping  engine,  and  one  which  the  author  has  had  occasio 
several  instances  for  mining  operationa  At  the  Hutton  H< 
near  Wingate,  Durham,  a  certain  quantity  of  water  com 
strata  at  an  intermediate  point  A,  in  a  shaft  where  it  is  n( 
to  place  a  pump  except  at  the  bottom.  The  water  produ 
therefore  to  be  taken  down  to  the  bottom  before  being  : 
surface.  It  is  taken  down  from  the  point  A  in  a  d< 
pipe  CC  to  the  hydraulic  pump  B,  and  is  delive] 
the  delivery  pipe  DD  to  the  surface ;  so  that  the  worl 
pump  is  that  due  to  the  difference  between  866  ft  head  is 
pipe  and  502  ft.  in  the  down  suction-pipe,  or  to  364  ft, 
power  cylinder,  6^  in.  diam.,  1  ft.  3  in.  stroke,  is  actuat 
of  a  driving  column  from  the  point  E,  having  an  effectiv 
260  ft.  head.  The  power  cylinder  and  pump.  Fig.  27,  arc 
acting;  but  the  pump  is  a  piston-pump  of  a  peculiar 
The  pressure  of  the  down  suction  column  is  copsti 
annular  space  between  the  piston-rod,  If  in.  diai 
inside  of  the  pump  barrel,  4  in.  diam.  During  thi 
delivery  stroke  of  the  pump,  the  pressure  behind  the  an 
the  pump  piston  assists  the  plunger  of  the  power  cylin 
return  stroke  is  produced  entirely  by  the  pressure  frc 
suction  column  being  brought  to  bear  on  the  full  fron 
pump  piston,  the  effective  pressure  for  the  return 
therefore  that  due  to  the  difference  between  the  full  ; 
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tJM  pomp  piston  and  the  annular  area  of  its  back  face,  or,  in 
odier  words,  to  the  area  of  the  piston-rod.      The  useful  effect  is 

X  260  ~  ^^  ^^  ^^^'     '^^  engine  is  designed  to  work 

•t  10}  double  strokes,  and  to  raise  7  gallons  per  min.  It  should  be 
•dded  that  the  driving  water  is  water  which  would  run  down  to  the 
bottom  of  this  shaft  in  any  case,  and  is  simply  utilised  for  pumping. 

In  Figs.  28  and  29,  Plate  29,  is  shown  a  pumping  engine  designed 
hj  the  author  to  work  under  a  most  peculiar  condition,  namely  that  of 
■iking  a  single  pipe  serve  both  for  the  driving  column  of  the  engine 
ndis  the  delivery  pipe  of  the  pump.  A  is  the  vertical  pump  plunger, 
tod  BB  a  pair  of  power  plungers,  all  three  coupled  side  by  side  to  the 
Mmd  eross-head  C.  D  is  the  suction  valve  of  the  pump,  and  E  the 
MifBij  valve.  F  is  the  pipe  which  serves  both  for  the  delivery  from  the 
pDipind  for  the  supply  to  the  power  cylinder.  It  is  in  connection  with 
tk  power  cylinders  at  G,  and  has  a  branch  H  connected  to  the  delivery 
Vilfft-box  above  the  delivery  valve  E.  The  cross-head  C  is  of  sufficient 
vdght  to  oanae  the  descent  of  the  three  plungers  against  the  head  of 
viler  in  the  pipe  F.  Water  has  to  be  pumped  from  the  point  E  to 
tbe  point  M.  The  power  water  is  obtained  from  the  column  L.  J  is 
•  lingle-acting  valve-box,  similar  to  those  already  described  in 
MBooetion  with  the  other  hydraulic  engines,  and  has  a  change  valve 
letQited  through  a  tappet-rod  and  wire  by  the  rise  and  fall  of  the 
Flongers. 

The  moduB  operandi  may  be  thus  described.  During  the  up-stroke 

tte  plungers  BB  are  being  raised  by  means  of  the  pressure  in  •the 

drinng  column  L,  and  water  is  being  drawn  up  into  the  pump  cylinder 

A  through  the  suction  valve  D.  On  the  completion  of  the  up-stroke,  the 

fiiMDge  valve  in  the  valve-box  J  is  reversed  by  the  tappet-rod  and  wire, 

tad  the  other  valves  are  also  reversed  by  the  water  itself ;  so  that  the 

oommnnication  to  the  plungers  BB  from  the  driving  column  L  is  closed, 

and  also  the  suction  valve  D  belonging  to  the  lower  sump  E ;  while 

the  delivery  pipe  to  the  upper  sump  M  is  opened.     The  weight  of  the 

cross-head  O  then  causes  the  plungers  to  descend,  forcing  the  water 

out  of  the  pump  and  the  power  cylinders,  through  the  pipe  F,  up  into 

the  somp  H ;  aikI  the  operation  is  repeated  in  the  same  way.    It  will 
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thus  be  seen  that  the  pipe  F  serres  as  a  supply  pipe  to  the  engino 
during  the  np-stroke,  and  as  a  delivery  pipe  from  the  pump  during 
the  return  stroke.  This  engine  is  specially  applicable  to  th^ 
draining  of  dip  workings,  but  can  only  be  used  to  advantage  in  fixeS- 
positions,  since  it  is  not  so  portable  as  the  other  dip-working  engine^ 
already  described. 

If  a  pump  situated  at  J  be  substituted  for  the  driving  column  L, 
Fig.  28,  the  valve-box  J  can  be  done  away  with,  and  the  pipe  F 
connected  directly  to  the  pump  barrel.  The  dip-engine  would  then 
derive  its  motion  from  this  pump,  and  would  work  simultaneously 
with  it. 

The  two  engines  last  described  are  of  very  limited  application ; 
but  they  present  several  points  of  interest,  particularly  as,  in  the 
application  of  water  power,  engineers  are  often  called  upon  to  devise 
special  means  in  order  to  meet  special  contingencies. 

The  question  of  applying  hydraulic  power  economically  to 
varying  resistances  has  received  considerable  attention.  A  very 
clever  and  ingenious  device,  that  of  automatically  altering  the  stroke 
by  means  of  a  resistance  governor,  has  been  recently  described  in  a 
paper  before  this  Institution  (Proceedings  1879,  p.  484).  There  are 
other  methods  which  readily  suggest  themselves,  such  as  levers 
having  shifting  fulcrums,  and  similar  devices ;  but  the  author  has 
never  found  any  such  mechanism  sufficiently  practical  for  general 
application. 

'The  dip  engine  already  described.  Plates  20  and  21,  might  be 
provided  with  a  lever  having  a  ahifting  fulcrum,  between  the  power- 
cylinder  and  the  pump;  but  the  economy  so  gained,  beyond  that 
eflEected  by  the  loose  liner  and  change  of  piston,  would  not  compensate 
for  the  extra  complication. 

In  rotative  engines  having  fly-wheels,  the  admission  valves  of  tlie 
power  cylinders  may  be  made  to  close  at  varying  points  in  the  stroke, 
by  means  of  known  mechanisms ;  and  if  the  ends  of  the  cylinders 
are  provided  with  vacuum  valves  opening  inwards,  from  pipes 
dipping  into  a  waste-water  cistern,  the  speed  of  the  engine  may  be 
kept  constant,  whilst  the  supply  of  preasore  water  is  varied  to  meet 
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nrying  resistanoes  to  which  the  engine  may  be  applied.  The 
ejlinder  wonld  be  partly  filled  from  the  pressnre  pipe ;  and  then  the 
Koudning  spaoe  would  be  automatically  filled  from  the  waste  tank. 
Bj  the  use  of  three  double-acting  cylinders  working  on  one  crank- 
ibaft,  the  portion  of  the  stroke  during  which  the  pressure  water 
voold  be  admitted  might  be  considerably  varied,  without  causing  a 
pBit  flactuation  in  the  Telocity  of  the  driving  column. 

Notwithstanding  the  great  progress  which  has  been  made  in  the 
anployment  of  water-pressure  engines,  the  author  is  of  opinion  that 
tbere  is  a  wide  field  still  open  for  their  further  application,  and  for 
tk  exercise  of  ingenuity  in  the  perfecting  of  details,  and  in  securing 
gniter  efficiency.  It  is  mainly  with  a  view  of  directing  attention 
to  I  power  which  is  somewhat  neglected  in  this  age  of  steam,  that  he 
ki  been  prompted  to  bring  this  subject  forward  for  discussion. 


Discussion. 

Hr.  Dayxt  exhibited  a  specimen  of  the  cylindrical  valve-box 
'^bed  in  the  paper,  containing  an  annular  piston-valve  combined 
vitb  •  mnBhroom-valve,  and  showed  its  mode  of  working. 

Mr.  Chablbs  Haweslet  mentioned  one  reason  for  preferring 

^te-pressnre  machinery  in  certain  situations,  such  as  for  instance 

vbea  employed  for  un watering  mines,  notwithstanding  the  greater 

^Scjency  that  might  be  obtained  by  carrying  steam  direct  to  the 

P^p:   namely  that,  in  the  event  of  a  sudden   inflow  of  water 

^overpowering  the  pumps,  the  hydraulic  machinery  would  continue  to 

v<)ri[,  although  drowned  and  inaccessible.     He  believed  pumps  of  that 

description  had  been  worked  for  several  weeks,  if  not  for  months, 

when  completely  drowned. 
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Mr.  B.  H.  TwEDDKLL  said  the  subject  of  the  paper  was  one  whicli 
the  author  had  made  to  a  certain  extent  his  own ;  and  he  had  been 
very  successful  in  dealing  with  it.  It  was  stated  (page  245)  that 
the  author  was  not  acquainted  with  any  practically  snocessfnl 
water-pressure  engine  working  with  a  continuous  and  uniform  flow ; 
and  reference  was  made  in  support  of  this  to  the  rotary  water-pressox^ 
engines  experimented  upon  by  Sir  William  Armstrong  and  others.  S^ 
did  not  know  whether  that  remark  was  meant  to  apply  equally  l^^ 
rotatiye  engines  of  such  a  type  as  the  three-cylinder  engine  inyente^ 
by  Mr.  Brotherhood  (Proceedings  1874,  page  173),  or  that  deecribo^ 
by  Mr.  Hastie  in  his  paper  read  before  the  Institution  last  ye«3 
(Proceedings  1879,  p.  484).  He  should  be  glad  to  hear  soia^ 
explanation  why  rotative  water-pressure  engines  should  not  \f^ 
successful.  He  was  not  aware  that  the  engines  he  had  jo^ 
mentioned  had  ever  been  applied  under  such  circumstances  as  wer^ 
referred  to  in  the  paper;  but  he  knew  that  they  had  been  usee? 
successfully  for  pumping  against  a  head  of  water  in  an  accumulator'- 
He  could  not  see  any  sensible  di£ference  between  pumping  against  m 
head  caused  by  an  artificial  load,  such  as  an  accumulator  gave,  anci 
pumping  against  a  head  of  water  in  an  ordinary  rising  main  from  m 
pit.  It  seemed  to  him  that  an  engine,  which,  having  a  singjle  valve,^ 
was  successful  and  acted  perfectly  under  such  conditions,  was  ai 
simpler  affair  than  one  requiring  such  a  very  ingenious  arrangement 
of  double  valve  as  that  illustrated  in  Fig.  10,  Plate  21.  He  had  found 
no  trouble  with  rotative  engines  working  against  an  accumulatGr,  and 
ho  failo<l  to  see  why  such  engines  should  not  be  worked  in  conneotion 
with  a  common  pump,  and  be  much  simpler  and  less  liable  to  get  out 
of  order  than  when  there  were  so  many  valves  and  valve-seats  to 
look  after. 

Ho  would  not  now  go  into  the  question  of  the  eifioienoy  of  the 
throo-oylindor  engine  as  a  steam-engine,  or  the  effioienoy  of  any  of 
Uiat  class  of  quick-running  engines.  Those  types  of  engine  were  for 
s|H)oial  purposes,  and  when  suitably  applied  were  undoubtedly  efBoient. 
Ill  wmio  ox|>orimonts  with  a  three-cylinder  hydraulic  engine,  applied 
to  drive  a  m|vatau,  the  efficiency  came  out  as  high  as  73*7  per  cent 
This  ho  iHnmidored  to  be  a  very  good  result,  and  quite  equal  to  the 
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of  any  wator-pressnre  engines  he  bad  ever  hoard  of.  The 
tfliaeneieB  given  in  the  paper  seemed  to  be  about  65  per  cent.  With 
iMM  pnmping  engines  in  Germany,  an  efficiency  of  70  per  cent,  he 
bdiered  had  been  reached. 

The  next  point  which  had  occurred  to  him  in  the  paper  was 
(pi^  252)  as  to  the  ''  efiect  of  fluctuations  of  velocity  in  the  driving 
eolmm."  Beference  was  there  made  to  an  accumulator,  and  it  was 
i«7  truly  stated  that  the  effect  of  enlarging  the  accumulator  ram  was 
to  ndvoe  the  velocity  of  the  moving  weight.  But  he  could  not  see 
^  to  aocumulator  was  wanted  for  at  the  top  of  a  brine  pit,  or  any 
otlMr  pit,  where  the  engines  at  the  pit-bottom  might  just  as  well  be 
^▼60  direct  by  the  pumps  which  were  employed  at  the  top  of  the 
pit  for  charging  the  aocumulator.  These  pumps  were  the  measure  of 
tile  power  imparted  to  the  engines  below,  and  the  accumulator 
Bmplj  acted  as  a  regulator  between  these  pimips  and  the  engines  at 
^  pit>bottom.  It  did  not  fulfil  what  seemed  to  him  to  be  the  more 
poper)  use  of  an  accumulator,  namely  to  meet  any  sudden  demand, 
wUeh  the  pumps,  for  the  time  of  that  demand,  were  not  able  to  cope 
with.  Under  such  circumstances  as  those  illustrated  in  the  paper  ho 
^Hed  to  see  the  advantage  of  an  accumulator  of  any  capacity. 

h reference  to  the  balanced  valve  shown  in  Fig.  25,  Plate  27,  it  was 

*fn^ of  valve  he  had  himself  tried ;  but  hc^had  given  it  up  on  account 

^the  trooble  of  keeping  so  many  valve-seats  right ;  and  he  preferred 

^  the  whole  to  trust  to  piston- valves  made  water-tight  with  hemp  or 

'Either  packing.     The  balancing  arrangement  by  means  of  a  piston 

^  the  end  of  the  valve  chamber  was  one  that  he  always  used  in  his 

<>wii  practice,  to  prevent  the  "  kick "  which  occurred  in  machines 

When  in  connection  with  an  accumulator. 

As  to  the  question  of  applying  hydraulic  power  economically 
%giinst  varying  resistances  (p.  256),  he  agreed  with  the  author  in  his 
pruae  of  Mr.  BAstie's  engine  ;*but  he  was  also  sure  that,  except  with 
•Qch  an  abeolutely  automatic  gear,  the  game  was  not  worth  the 
etndle.  Sir  William  Armstrong  hod  repeatedly  stated  his  opinion 
that  it  was  not  worth  while  in  cranes  to  give  to  the  men  working 
them  the  means  of  varying  the  power  according  to  the  load ;  and  he 
thought  that  was  the  opinion  of  every  one  who  had  had  to  do  with 
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them.  As  a  matter  of  fact,  tlie  workmen  would  not  alter  the  powen 
in  practice;  the  means  might  be  given,  but  they  would  not  use 
them.  Therefore  he  thought,  if  he  had  a  water-engine  to  put  down, 
unless  an  automatic  arrangement  quite  independent  of  the  workman 
could  be  designed,  he  should  prefer  confining  himself  to  one  or  two 
powers  changed  by  means  of  ordinary  clutches  and  gearing. 

Some  recognition  he  thought  was  due  to  one  author  who  had 
written  largely  on  the  subject  of  utilising  the  water  supply  of  the 
country — the  late  Sir  Eobert  Kane.  He  had  u^ed  the  matter  for 
many  years,  especially  in  his  well  known  work  on  the  water  supply 
of  Ireland.  The  future  of  hydraulic  engine-work  for  ordinary 
commercial  purposes  was  a  mere  question  of  cost  of  working.  At 
present  there  was  no  doubt  that  the  competition  of  steam — ^to  say 
nothing  of  gas  engines — rendered  it  necessary  to  apply  hydraulic 
engines  with  considerable  care  and  judgment.  He  thought  Mr.  Davey 
was  devoting  himself  to  the  utilisation  of  hydraulic  pressure  in  a 
direction  which  promised  nothing  but  success ;  while  he  refrained 
from  advancing  too  extended  a  claim  as  to  the  merits  of  hydraulic 
power  for  small  motors. 

Prof.  A.  B.  W.  Kennedy,  referring  to  the  remarks  of  Mr.  Tweddell 
as  to  the  comparative  simplicity  of  different  types  of  engine,  observed 
that  certainly  the  engine  shown  in  Plate  21  had  more  than  one  valve, 
while  the  Brotherhood  engine  had  only  one.  But  although  he  had  a 
great  admiration  for  the  Brotherhood  engine,  and  had  had  occasion  to 
use  a  great  many  of  them,  yet,  if  it  were  proposed  to  use  one  of 
them  for  the  sort  of  work  referred  to  in  the  paper,  and  to  put  it  down 
in  an  inaccessible  place,  or  in  a  place  where,  as  Mr.  Charles  Hawkaley 
had  mentioned,  it  might  be  drowned  out,  then  it  would  be  a  question 
between  an  engine  that  had  a  limited  number  of  valvee,  and  a 
single-valve  engine  having  a  very  considerable  number  of  connecting- 
rods,  brasses,  and  bearings  of  various  kinds,  which  required  to  be 
more  or  less  looked  after.  In  that  case  he  thought  that,  putting  one 
thing  against  another,  for  large  work  he  should  prefer  to  take  his 
chance  with  valves,  such  as  those  described  in  the  paper,  having 
some  knowledge  that  they  had  worked  right  and  had  not  got  out  of 
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Older,  nther  than  take  his  chance  with  six  connecting-rods  and  six 
pistoiu,  three  in  the  engine  cylinders  and  three  in  the  pump. 

Mr.  TwKDDiLL  said  he  only  recommended  using  the  Brotherhood 
ihrefr^linder  hydraulic  engine  to  drive  an  ordinary  pnmp. 

Fro£  A.  B.  W.  Kennedy  observed  that,  if  the  engine  were  not  so 
used,  it  would  be  necessary  to  have  a  crank  and  connecting-rod,  or 
noeihiiig  of  that  kind,  to  drive  the  pump  from  the  engine :  which 
would  oome  to  almost  the  same  thing.  So  that,  from  a  practical 
pomt  of  view  he  shonld  be  inclined  to  say  that,  for  heavy  pumping 
work,  tnd  for  anything  except  on  a  small  scale,  the  pump  described 
i&  the  paper  would  be  the  one  far  the  least  likely  to  get  out  of 
Older  or  to  give  trouble.  He  thought  some  special  recognition  was 
doe  to  in  engineer  of  Mr.  Davey's  standing,  who  laid  before  them  so 
Mj  and  so  dearly  all  the  details  of  his  practice,  which,  as  was 
well  known,  was  very  successf  oU 

Mr.  T.  B«  Cbahpton  did  not  see  that  any  air-vessels  were  used  in 
^  water-pressure  engines  described  in  the  paper.  Were  they  not 
Mondered  necessary? 

Ur.  Dayxt  replied  that  air-veteels  were  not  considered  necessary. 

Iliey  were  sometimes  applied ;  but  not  very  often,  because  in  such 

ciees  it  would  be  very  difficult  to  keep  them  supplied  with  air; 

%Qd  of  course  if  they  were  not  kept  supplied  with  air  they  were  of  no 

tise  whatever,  and  only  a  source  of  danger.    Again  dip  workings  were 

>aij  confined  places,  and  an  air-vessel  took  up  considerable  room — 

oflen  more  room   than  could  be    conveniently  afforded ;    so  that 

practically  it  was  very  seldom  that  an  air-vessel  was  applied  to  those 

dip-working  engines.    It  would  be  observed  that  the  dip-working 

engine  in  Pig.  2  was  mounted  on  wheels,  running  on  a  railway,  so  as 

to  be  moved  forwards  readily  for  following  the  water  down.     The 

object  there  was  to  keep  the  engine  as  light  and  portable  as  possible, 

iod  for  that  reason  air-vessels  would  there  be  objectionable.     What 

WIS  aimed  at  in  these  engines  was  to  keep  the  fluctuation  of  velocity 
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in  tlie  driving  column  as  small  as  possible;  and  in  that  waj 
engines  were  able  to  get  on  very  well,  without  putting  in  large 
vessels,  which  would  be  very  cumbersome.  Speaking  generally 
did  not  approve  of  air-vessels  where  high  pressures  were  employ 

Mr.  Cbampton  enquired  whether,  if  an  air-vessel  were  prop 
applied,  and  could  be  kept  supplied  with  air,  that  was  not  s 
better  than  other  mechanical  appliances  for  the  same  pui 
particularly  with  a  very  great  head. 

Mr.  Davet  replied  that  for  very  great  heads  he  preferred  m 
use  air-vessels,  unless  the  main  was  also  of  very  great  lei 
horizontally ;  and  that  for  the  reason  he  had  before  mentioned, 
in  such  inaccessible  places  the  air-vessels  were  never  attended  to, 
in  the  vast  majority  of  cases  it  would  be  found  that  there  was  n 
in  them  at  all.  The  men  who  worked  the  engines  often  did 
visit  them  more  than  once  in  a  month.  In  itself,  where  it  conic 
constantly  attended  to,  and  where  the  pressure  was  not  great 
air-vessel  was  no  doubt  the  best  form  of  regulator. 

Mr.  Cbampton  said  his  own  opinion  was  that  in  the  oondit 
mentioned  by  Mr.  Davey  the  air  could  be  supplied  with  ease 
certainty,  even  when  the  engine  was  drowned  out,  the  quanti^ 
air  in  the  air-vessel  being  indicated  at  any  oonvenient  poatioDi 
any  deficiency  made  good  by  simply  turning  on  an  air-tap. 

Mr.  T.  B.  LioHTFOOT  had  had  experience  some  years  ago  ii 
designing  of  engines  for  draining  long  dip- workings,  and  the  n 
he  had  arrived  at  was  that  steam  was  a  much  more  economical  mc 
power  than  water :  chiefly  on  account  of  the  great  expense  atlMs! 
to  the  length  of  pipe  necessary  to  convey  the  water  to  and  i 
the  engine.  In  the  particular  instance  referred  to,  hydranlio  p 
was  not  put  down,  but  a  small  combined  engine  and  boiler  d 
Bobey  or  some  similar  type  was  adopted.  The  valves  describee 
Mr.  Davey  did  not  strike  him  as  presenting  any  special  nan 
but  they  were  perhaps  as  good  a  modification  of  the  namlftK 
could  be  employed. 
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Ml.  Datkt,  in  reply,  said  be  thought  Prof.  Kennedy  had  disposed 

d  Mr.  Tweddell's  first  point,  with  reference  to  the  application  of 

three-ejlinder  engines  for  pumping ;  and  it  only  remained  for  him 

to  tpmk  (m  the  other  objections  raised.     His  great  reason  for  using 

ik  peculiar  kind  of  yalye  described  in  the  paper  was  the  result  of 

loB  experience  with  slide-valves  of  various  descriptions.     In  collieries 

•nd  mineg  generally  the  water  was  not  clean,  and  he  had  never  found 

toj  fonn  of  slide-Talve  whatever  that  was  suitable  for  dirty  water 

voder  considerable  pressures ;  and  under  the  designation  slide-valve 

lie  indnded  piston-valves,  and  all  valves  with  sliding  surfaces.     The 

nlies  now  described  were  all  lifting  valves  or  single  mitre-valves,  of 

Mauj  construction  as  far  as  the  opening  and  closing  of  the  valves  • 

VM  ooQoenied ;  and  they  were  less  affected  by  pressure  and  dirty 

Viler  than  any  valves  he  had  had  experience  of.     His  engines  had 

been  mide  originally  with  slide-valves,  and  every  known  material  had 

lieen  tried  for  those  valves,  but  had  been  found  not  to  succeed. 

Aceording  to  his  experience,  lignum-vitas  slides  working  on  brass 

^  gave  the  best  results,  and  he  had  also  tried  steel,  gunmetal,  and 

uw;  but  he  never  found  any  slide-valve  that  would  stand  the  heavy 

Jt^ane  and  dirty  water  to  which  such  engines  were  subjected.     He 

did  not  claim  any  great  novelty  in  the  arrangements,  but,  so  far  as  he 

bew,  he  was  entitled  to  claim  the  credit  of  so  arranging  the  exhaust 

*Bd  pressure  valves  that  they  worked  each  other  automatically,  without 

^  poinbility  of  water  slipping  past.    The  valves  tried  and  discarded 

^  Hr.  Tweddell,  must  he  thought  have  been  differently  constructed ; 

ite  had  himgftlf  used  the  valve  described  in  the  paper  with  uniform 

iieoeflB  for  several  years  past,  and  that  valve  he  had  adopted  after 

diacuding  piston  and  other  slide-valves. 

As  regarded  Mr.  Tweddell*s  remarks  on  rotative  engines,  it  was 

M  intended  in  the  paper  to  include  rotative  engines,  i.e.  engines 

eMising  a  rotary  motion,  under  the  term  rotary  engines,  which  meant 

flnginni  having  themselves  a  rotary,  not  a  reciprocal  motion ;  had  that 

beisn  10,  he  would  have  condemned  his  own  designs,  seeing  that  he 

kd  descsribed  and  advocated  a  rotative  engine  in  the  paper,  p.  258, 

•lid  Plate  27.     At  the  same  time  he  did  not  consider  rotative 

l^dimolic  flDgineB  the  best  suited  for  pumping. 
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With  regard  to  Mr.  Ligbtfoot's  remftrks  as  to  the  comparatiye  coc 
of  applying  steam  and  hydraulic  power  in  dip  workings,  hydranl^ 
power  was  now  more  generally  used  than  steam  for  two  simp^ 
reasons  :  first  that  the  heat  from  steam  pipes  generally  brought  do^^ 
the  roof  and  did  much  damage  to  the  workings ;  and  secondly  that 
created  a  very  hot  atmosphere  in  a  place  where  there  was  little  or  ra 
ventilation,  as  it  was  of  conrse  more  difficult  to  ventilate  dip  working 
than  any  other  part  of  a  mine. 

The  ground  of  his  bringing  forward  the  various  designs  describe 
was  that  they  had  been  applied  and  had  been  found  to  work  efficiently 
He  considered  it  the  duty  of  members  generally  to  bring  forward 
« record  of  work  which  had  been  found  to  answer.  He  had  tobiM 
hydraulic  engines  that  had  not  worked  well,  but  those  he  had  nc= 
brought  forward.  It  might  be  interesting,  referring  to  the  dip  engiuff 
shown  in  Plates  20  and  21,  to  state  that  the  Secretary  had  handed  hie: 
a  letter  just  received  from  the  manager  of  the  Grifif  Colliery,  wh-^ 
wrote  as  follows : — *'  I  can  speak  in  the  highest  terms  as  to  the  success 
of  the  hydraulic  engine  at  the  colliery.  To-day  our  certificatec 
manager  reports  the  work  practically  done.  The  dead  water  has  beer 
pumped  out,  and  the  feeder  of  water  is  under  perfect  controL  The 
pump  is  now  working  at  11  strokes  per  minute  with  the  8f  in 
bucket ;" — ^in  other  words  the  cylinder  liner  had  been  inserted,  and 
the  smaller  piston  put  on.  He  might  remark,  with  regard  to  the  deac 
water,  that  these  hydraulic  engines  were  being  used  to  unwater  ai 
old  dip  working  which  had  been  flooded  some  years  ago.  It  hac 
previously  been  drained  by  steam  power,  but  the  pumps  had  thei 
been  drowned  out,  owing  to  an  accident,  and  at  that  time  it  was  no 
thought  worth  while  to  reopen  that  part  of  the  colliery ;  but  now  i 
had  been  determined  to  unwater  it,  and  to  continue  getting  the  coa 
from  there,  using  the  hydraulic  engines  to  keep  down  the  water. 

.  The  President  said  the  members  could  not  do  less  th^t^  pass  i 
hearty  vote  of  thanks  to  Mr.  Davey  for  bringing  forward  sucU  i 
practical  record  of  successful  working.  He  had  given  his  praciica 
experience  with  various  water-pressure  engines,  and  the  full  detail 
of  their  construction ;  that  was  the  way  in  whidi  a  paper  ought  l< 


Tlie  following  paper  was  then  read : — 
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ON  ELECTRIC  LIGHTING. 
(Second  Paper.) 


By  Db.  JOHN  HOPKIXSOX,  F.R.S.,  op  Loxdoit. 


Dynamo-electric  Machines. — Since  the  date  of  the  anthoi^s  f<n 
paper  in  April  1879,  other  observers  have  published  the  resnli 
experiments  similar  to  those  described  by  him.  It  may  be  wd 
exhibit  some  of  these  results  reduced  to  the  form  he  has  adof 
namely  a  curve,  such  as  that  previously  shown  in  Fig.  4,  Proceed 
1879,  Plate  29,  and  now  reproduced,  with  slight  alterations,  in  Fij 
Plate  30.  Here  any  abscissa  represents  a  current  passing  throngb 
dynamo-electric  machine,  and  the  corresponding  ordinate  repree 
the  electromotive  force  of  the  machine  for  a  certain  speed  of  revolul 
when  that  current  is  passing  through  it.  It  will  be  found  (1)  that ' 
varying  speed  the  ordinate,  or  electromotive  force,  correspondin 
any  abscissa  or  current,  is  proportional  to  the  speed ;  (2)  that 
electromotive  force  does  not  increase  indefinitely  with  incrM 
current,  but  that  the  curve  approaches  an  asymptote ;  (8)  that 
earlier  part  of  the  curve  is,  roughly  speaking,  a  straight  line,  i 
the  current  attains  a  certain  value,  and  that  at  that  point 
electromotive  force  has  reached  about  two-thirds  of  its  mazi] 
value.  When  the  current  is  such  that  the  electromotive  fone  ii 
more  than  two-thirds  of  its  maximum,  a  very  small  change  in 
resistance  with  speed  of  engine  constant,  or  in  the  speed  ol 
engine  with  resistance  constant,  causes  a  great  change  in  the  ein 
For  this  reason  the  greatest  of  these  currents,  which  is 
corresponding  to  the  point  where  the  curve  breaks  away  fxn 
straight  line,  and  which  is  the  same  for  all  speeds  of  zevoli 
since  the  curves  for   different    speeds  differ   only  in  the 


PULlSdO.  ELSCTBIO   LIGHTING.  267 

idiDites,  may  be  called  the  '^ critical  current"  of  the  machine, 
effect  of  a  change  of  speed  is  exhibited  in  Fig.  1,  where 
lower  dotted  line  represents  the  curve  for  a   speed  of  660 

Nfohtions  per  minute,  instead  of  720.    The  resistance,  varying  as 

^''^^ll  ^'"^,  is  given  by  the  slope  of  the  line  OP.     But  since 

tlie  resistance  is  constant,  the  slope  of  this  line  must  be  constant ; 
and  it  will  be  seen  that  it  cuts  the  upper  curve  at  a  point 
eofiespoiiding  to  a  current  of  15  webers,  and  the  lower  at  a  point 
eonesponding  to  a  current  of  5  webers  only. 

In  Germany,  Auerbach  and  Meyer  (Wiedemann's  Annalen,  Nov. 
1879)  have  experimented  fully  on  a  Gramme  machine  at  various 
^aeds,  and  with  various  external  resistances.  The  resistance  of  the 
ttdiinewas  0*97  ohms.  Their  results  are  summarised  in  a  Table 
•t  the  end  of  their  paper,  which  gives  the  current  passing,  with 
nustiDoes  in  circuit  £rom  1  *  75  to  200  Siemens  units,  and  at  speeds 
bm  20  to  800  reyolutions  per  minute.  In  the  accompanying 
diagnuii,  Fig.  2,  Plate  30,  the  curve  G  expresses  the  relation  between 
cketromotive  force  and  current,  as  deduced  from  some  of  their 
oisenitions;  the  points  marked  are  plotted  from  their  Table, 
ittUng  allowance,  where  necessary,  for  difference  in  speed.  The 
cine,  as  actually  constructed,  is  for  a  speed  of  800  revolutions :  at 
ftu  speed  it  will  be  seen  that  the  maximum  electromotive  force  is 
dxNit  76  volts ;  and  the  critical  current,  corresponding  to  a  force  of 
ikmt  51  volts,  is  6  *  5  webers,  with  a  total  resistance  of  7  *  8  ohms.  Up 
^  Dob  point  there  will  be  great  instability,  exactly  as  was  the  case  in 
&  Siemens  machine  examined  by  the  author,  where  the  resistance 
ttt  4  ohms,  and  the  speed  720  revolutions. 

The  results  of  an  elaborate  series  of  experiments  on  certain 
<if>ttmo-electric  machines  have  recently  been  presented  to  the  Eoyal 
Society  by  Dr.  Siemens.  One  of  the  machines  examined  was  an 
vdinaiy  medium-sized  machine,  substantially  similar  to  that  tried  by 
lietothor  in  1879.  It  is  described  as  having  24  divisions  of  the 
ommntator;  336  coils  on  the  armature,  with  a  resistance  of  0*4014 
iieoeiis  units;  and  512  coils  on  the  magnets,  with  a  resistance 
'  0*3065;  making  a  total  resistance  of  0-7079  Siemens  units 
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s  0*6654  ohms.  The  curve  Sm,  Fig.  2,  gives  the  k 
electromotive  force  and  current,  reduced  to  a  ^peed  of  70> 
minute,  the  actual  Bpeeds  ranging  frcm  450  to  800  i 
maximum  electromotive  force  appears  to  bo  probably  76 
the  critical  current  15  webers :  which  is  the  same  as  in  th 
first  experiments  on  a  similar  machine. 

In  the  summer  of  1879  the  author  examined  a  Siemen 
of  the  smallest  size.  This  machine  is  generallj  sold  as 
for  their  alternate-current  machine.  It  has  an  internal  res 
0  *  74  ohms,  of  which  0  *  395  is  in  the  armature  or  helix.  Th 
is  marked  to  run  at  1180  rev.  per  min.  The  following 
gives,  for  a  speed  of  1000  rev.,  the  total  resistance, 
electromotive  force,  and  horso-power  developed  as  cum 
horse-power  expended  was  not  determined. 

Table  II. — ^Exfebimemts  on  smallest-sized  Siemi 
Dtnamo-Electbio  Machine. 


Resistance. 

Electric 

CurrfuU 

Electro- 
motive 
Force. 

Horse-power 
developed 
As  curn-nt. 

Ohms. 

Wchcrs. 

Volts. 

H.P. 

2-634 

5- 10 

13-2 

0-09 

2-221 

12-15 

27-0 

0-44 

1-967 

17-0 

83-6 

0-76 

1-784 

20-4 

36-4 

0-99 

1-668 

22-3 

37-2 

111 

1-579 

23-2 

36-6 

•1-14 

1-503 

25-6 

39-3 

1-34 

1-440 

27-8 

40-0 

1-49 

1-145 

36-2 

41-5 

2-00 

The  curve  Ss,  Fig.  2,  gives  as  usual  the  relations  of  elec 
force  and  current.  From  this  curve  it  will  be  seen  that  tl 
current  is  11*2  webers,  and  the  maximum  electromotiTe 
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tHe  speed  of  1000  rev.,  is  about  42  volts.  The  determinations  for 
tliii  machine  were  made  in  exactly  the  same  manner  as  in  the 
experimenta  on  the  medinm-sized  machine,  using  the  galvanometer, 
bot  omitting  the  experiment  with  the  calorimeter  (compare  Table  I., 
page  249,  Proceedings  1879). 

The  time  required  to  develop  the  current  in  a  Gramme  machine 

Itts  been    examined    by   Herwig  (Wiedemann,  June   1879).      He 

citiUiahed  the  following  facts  for  the  machine  he  examined.      A 

xefened  current,  having  an  electromotive  force  of  0*9  Grove  cells, 

*Qfioed  to  destroy  the  residual  magnetism  of  the  electro-magnets. 

If  ibe  lesidiial  magnetism  was  as  far  as  possible  reduced,  it  took  a 

nndi  longer  time  to  get  np  the  current  than  when  the  machine  was 

u  he  Qsnal  state.    A  longer  time  was  required  to  get  up  the  current 

thea  the  external  resistance  was  great,  than  when  it  was  small. 

With  ordinary  resistance  the  current  required  from  f  second  to 

1  seoond  to  attain  its  maximum. 

Brightness  of  the  Electric  Arc, — The  measurement  of  the  light 

^tted  by  an  electric  arc  presents  certain  peculiar  dif&culties.     The 

^^i  itself  is  of  a  different  colour  from  that  of  a  standard  candle,  in 

'^'^  of  which  it  is  usual  to  express  luminous  intensities.      The 

"Anient,  without  qualification,  that  a  certain  electric  lamp  and 

^'^ne  give  a  light  of  a  specified  number  of  candles,  is  therefore 

^ting  in  definite  meaning.     A  red  light  cannot  with  propriety  be 

'ud  to  be  any  particular  multiple  of  a  green  light ;  nor  can  one 

"^^  which  is  a  mixture  of  colours,  be  said  with  strictness  to  be  a 

^i^tiple  of  another,  unless  the  proportions  of  the  colours  in  the  two 

^^  are  the  sama      Captain  Abney  (Proceedings  of  the  Eoyal 

°<^e<j,  7  March  1878,  p.  157)  has  given  the  results  of  measurements 

of  the  red,  blue,  and  actinic  light  of  electric  arcs,  in  terms  of  the 

^  bine,  and  actinic  light  of  a  standard  candle.     The  fact  that 

tie  electric  light  is  a  very  different  mixture  of  rays  from  the  light 

of  gw  or  of  a  candle,  has  long  been  known,  but  has  been  ignored 

in  BiatementB  intended  for  practical  purposes. 

Ag^iw^  the  emission  of  rays  from  the  heated  carbons  and  arc  is 
^J  no  meftns  the  same  in  all  directions.     Determinations  have  been 
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made  in  Paris  of  the  intensity  in  different  directions,  in  particalAi 
cases.  If  the  measurement  is  made  in  a  horizontal  direotion,  a  yeiy 
small  obliquity  in  the  crater  of  the  positive  carbon  will  throw  ihe 
light  much  more  on  one  side  than  on  the  other,  causing  great 
discordance  in  the  results  obtained. 

If  the  electric  light  be  compared  directly  with  a  standard  candle, 
a  dark  chamber  of  great  length  is  needed — a  conyenience  not  always 
attainable.  In  the  experiments  made  at  the  South  Foreland  by 
Dr.  Tyndall  and  Mr.  Douglass,  an  intermediate  standard  was 
employed ;  the  electric  light  was  measured  in  terms  of  a  large  oil 
lamp,  and  this  latter  was  frequently  compared  with  a  standavd 
candle. 

Other  engagements  haye  preyented  the  author  from  fiixlj 
attacking  these  dif&culties;  but  since  May  1879  he  has  had  ^ 
occasional  use  a  photometer  with  which  powerful  lights  can  ^ 
measured  in  moderate  space.  This  photometer  is  shown  ^ 
Figs.  3  and  4,  Plate  31,  and  an  enlargement  of  the  field  pi0< 
in  Fig.  5.  A  conyex  lens  A,  of  short  focus,  forms  an  im^^i 
at  B  of  the  powerful  source  'of  light  which  it  is  desired 
examine.  The  intensity  of  the  light  from  this  image  will  ^ 
less  than  that  of  the  actual  source  by  a  calculable  amonx^ 
and  when  the  distance  of  the  lens  from  the  light  is  suitabtl 
the  reduction  is  such  that  the  reduced  light  becomes  oompaiat' 
with  a  candle  or  a  carcel  lamp.  Diaphragms  GC  are  arrange 
in  the  cell  which  contains  the  lens,  to  cut  off  stray  ligK^ 
One  of  these  is  placed  at  the  focus  of  the  lens,  and  has  a  sm^ 
aperture.  It  is  easy  to  see  that  this  diaphragm  will  cut  off  aJ 
light  entering  from  a  direction  other  than  that  of  the  source ;  ^ 
effectually  does  it  do  so,  that  observations  may  be  made  in  hiotA 
daylight  on  any  source  of  light,  if  a  dark  screen  be  placed  bohiiKi 
it  The  long  box  EE,  Fig.  3,  of  about  7  ft  length,  is  lined  with 
black  volyet,— the  old-fashioned  dull  velvet,  not  that  now  sold  withi 
finish,  which  reflects  a  great  deal  of  the  Hght  incident  at  a  certain 
•nglo.  This  box  serves  as  a  dark  chamber,  in  which  the  intensity 
of  the  image  formed  by  the  lens  is  compared  with  a  standard  light, 
by  means  of  an  ordinary  Bunsen's  photometer  P,  alidimc  cm  s 
graduated  bar. 
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Mr.  Dallmeyer  kindly  had  the  lens  made  for  the  author: 
M  do  therefore  relj  npon  the  accuracy  of  its  curvature  and 
tii«kne88;  it  is  pkno-conyex,  the  conyex  side  being  towards  the 
WBoe  d  light  The  curvature  is  exactly  1  in.  radius  and  the 
tliicheas  is  0*04  in. ;  it  is  made  of  Chance's  hard  crown  glass,  of 
which  the  refractive  index  for  the  D  line  in  the  spectrum  is  1-617. 
Tke  footl  length  /  is  therefore  1  •  933  inch. 

I*t  «  denote  the  distance  of  the  source  of  light  from  the  curved 
>n&oe  of  the  lens,  and  v  the  distance  of  the  image  B  of  the  source 
from  the  posterior  focal  plane.  Neglecting  for  the  moment  loss  by 
Rteion  at  the  surface  of  the  glass,  the  intensity  of  the  source  is 

wdooed  by  the  fector  (-^j.    But  ^  +  -i-  =  j,  or  v  =-^;  hence 

tiie  &ctor  of  reduction  is  ( — -^j  *     The  efifoct  of  absorption   in  so 

mill  a  thickness  of  very  pure  glass  may  be  neglected ;  but  the 
reflection  at  the  surfaces  will  cause  a  loss  of  8*3  per  cent.,  which 
iDVt  be  allowed  for.  This  percentage  is  calculated  from  Fresnel's 
wn&Qle,  which  are  certainly  accurate  for  glasses  of  moderate 
r^fauigibility,  and  for  moderate  angles  of  incidence. 

Suppose,  for  example,  it  is  required  to  measure  a  light  of  8000 
^ttdles;  if  it  be  placed  at  a  distance  of  40  in.,  it  will  be  reduced  in 
^  ntio  467  to  1,  and  becomes  a  conveniently  measurable  quantity. 
oj  tnosmitiing  through  coloured  glasses  both  the  light  from  an 
electric  lamp  and  that  from  the  standard,  a  rough  comparison  may 
k  made  of  the  red  or  green  in  the  electric  light  with  the  red  or 
green  in  the  standard. 

A  dispersive  photometer,  in  which  a  lens  is  used  in  a  somewhat 

fiUQikr  manner,  is  described  in  Stevenson's  *'  Lighthouse  Illumination; " 

bat  in  that  case  the  lens  is  not  used  in  combination  with  a  Bunsen's 

photometer,  nor   with   any    standard  light.      Messrs.    Ayrton  and 

Perry  described  a  dispersive   photometer  with  a   concave  lens   at 

the  meeting   of    the    Physical   Society  on    13th    December    1879 

(Proceedings  Physical  Society,  vol.  iii.,  p.  184).     The  convex  lens 

poneeses  liowever   an    obvious    advantage  in   having  a  real  focus, 

•i  whieh  a  diaphragm  to  cut  off  stray  light  may  be  placed. 
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Efficiency  of  the  Electric  Arc. — To  define  the  electrical  oonditioiL 
of  an  electric  arc,  two  quantities  must  be  stated — the  current  passing, 
and  the  difference  of  electric  potential  at  the  ends  of  the  two  carbons^ 
Instead  of  either  one  of  these,  we  may,  if  we  please,  state  the  ratio 

diflf^nce  of  potently   ^^^  ^^  j^  ^^^  resistance  of  the  arc,  that  is  to 

current 

say,  the  resistance  which  would  replace  the  arc  without  changing  the 
current.  But  such  a  use  of  the  term  electric  resistance  is  unscientific ; 
for  Ohm's  law,  on  which  the  definition  of  electric  resistance  rests,  is 
quite  untrue  of  the  electric  arc;  while  on  the  other  hand,  for  a 
given  material  of  the  electrodes,  a  given  distance  between  them, 
and  a  given  atmospheric  pressure,  the  difference  of  potential  on 
the  two  sides  of  the  arc  is  approximately  constant.  The  product  of 
the  difference  of  potential  and  the  current  is  of  course  equal  to  the 
work  developed  in  the  arc ;  and  this,  divided  by  the  work  expended 
in  driving  the  machine,  may  be  considered  as  the  efficiency  of  the 
whole  combination.  It  is  a  very  easy  matter  to  measure  these 
quantities.  The  difference  of  potential  on  the  two  sides  of  the  arc 
may  be  measured  by  the  method  given  by  the  author  in  his 
previous  paper,  or  by  an  electrometer,  or  in  other  ways.  The  current 
may  be  measured  by  an  Obach's  galvanometer,  or  by  a  suitable 
electro-dynamometer,  or  best  of  all,  in  the  author's  opinion,  by 
passing  the  whole  current,  on  its  way  to  the  arc,  through  a  vezy 
small  known  resistance,  which  may  be  regarded  as  a  shunt  for  a 
galvanometer  of  very  high  resistance,  or  to  the  circuit  of  which  a 
very  high  resistance  has  been  added. 

It  appears  that  with  the  ordinary  carbons,  and  at  ordinary 
atmospheric  pressure,  no  arc  can  exist  with  a  less  difference  of 
potential  than  about  20  volts ;  and  that  in  ordinary  work,  with  an  arc 
about  ^  in.  long,  the  difference  of  potential  is  from  30  to  50  volts. 
Assuming  the  former  result,  about  20  volts,  for  the  difference  of 
potential,  the  use  of  the  curve  of  electromotive  forces  may  be 
illustrated  by  determining  the  lowest  speed  at  which  a  given 
machine  can  run,  and  yet  be  capable  of  producing  a  short  arc 
Taking  0  as  the  origin  of  co-ordinates,  Fig.  6,  Plate  31,  set  off  upon 
the  axis  of  ordinates  the  distance  OA  equal  to  20  volts ;  draw  AB  to 
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i&tened  it  B  the  negative  prolongation  of  the  axis  of  abscisssB,  so 
tbt  the  ntio   --    may  represent  the  necessary  metallic  resistance 

of  the  Gircoit.  Through  the  point  B,  thus  obtained,  draw  a  tangent 
to  the  eonre,  touching  it  at  C,  and  cutting  OA  in  D.  Then  the 
ipMd  of  the    machine,    corresponding    to    the    particular    curve 

flVloyed,    must  be  diminished    in  the  ratio    ~,  in  order  that 

VA 

tt  exceedingly  small  arc  may  be  just  possible. 

Tbe  curve  may  also  be  employed  to  put  into  a  somewhat  di£ferent 

form  the  explanation  given  by  Dr.  Siemens  at  the  Eoyol  Society, 

'Bqwting  the  oocaaional  instability  of  the  electric  light,  as  produced 

Ijordiniiy  dynamo-electric  machines.    The  operation  of  all  ordinary 

icfikton  18  to  part  the  carbons  when  the  current  is  greater  than  a 

nrtun  tinoant,  and  to  close  them  when  it  is  less ;  initially  the 

cvhoDitfe  in  oontact.    Through  the  origin  O,  Fig.  7,  Plate  31,  draw 

ueitnight  line  OA,  inclined  at  the  angle  representing  the  resistances 

^  the  circuit  other  than  the  arc,  and  meeting  the  curve  at  A.     The 

^^iftkm  of  the  point  A  represents  the  current  which  will  pass  if  the 

'^p  be  prevented  from  operating.     Let  ON  represent  the  current 

to  vhieh  the  lamp  is  adjusted ;  then  if  the  abscissa  of  A  be  greater 

^  ON,  the  carbons  will  part.      Through  N  draw  the  ordinate 

BR,  meeting  the  curve  in  the  point  B ;  and  parallel  to  OA  draw  a 

^*^t  CDy  touching  the  curve  at  D.      If  the  point  B  is  to  the 

"Sht  of  D,  or  further  from  the  origin,  the  are  will  persist ;  but  if 

B  if  to  the  left  of  D,  or  nearer  to  the  origin,  the  carbons  will  go  on 

F^'ting,  till  the  current  suddenly  fails  and  the  light  goes  out.     If  B, 

vthongh  to  the  right  of  D,  is  very  near  to  it,  a  very  small  reduction 

• 

^  the  speed  of  the  machine  will  suf&ce  to  extinguish  the  light. 
^*  Siemens  gives  greater  stability  to  the  light  by  exciting  the 
^'dctro-magnets  of  the  machine  by  a  shunt  circuit,  instead  of  by  the 
^^  current. 

The  success  of  burning  more  than  one  regulating  lamp  in  series 

depends  on  the  use  in  the  regulator  of  an  electro-magnet,  excited  by  a 

^^'Tedstance  wire  connecting  the  two  opposed  carbons.     The  force 

^  this  magnet  will  depend  upon  the  difference  of  potential  in  the  arc, 

^'^'teid  of  depending,  as  in  the  ordinary  lamp,  upon  the  current 
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passing.  Snob  a  shunt  magnet  has  been  employed  in  a  yariety  oi 
ways.  The  author  has  arranged  it  as  an  attachment  to  an  ordinii^ 
regulator ;  the  shunt  magnet  actuates  a  key,  which  sbort-cirGiiitB  tin 
magnet  of  the  lamp  when  the  carbons  are  too  far  parted,  and  8 
causes  them  to  close. 

In  conclusion  the  Author  ventures  to  remind  engineer^  of  & 
following  rule  for  determining  the  efficiency  of  any  system  of  electr 
lighting  in  which  the  electric  arc  is  used,  the  arc  being  neitb 
exceptionally  long  nor  exceptionally  short.  Measure  the  differen 
of  potential  of  the  arc,  and  also  the  current  passing  through  it, 
Yolts  and  webers  respectively ;  then  the  product  of  these  quantitii 
divided  *  by  746,  is  the  horse-power  developed  in  that  arc  It 
then  known  that  the  difference  between  the  horse-power  develop 
in  the  arc  and  the  horse-power  expended  to  drive  the  mibhi 
must  be  absolutely  wasted,  and  has  been  expended  in  heating  eitfc 
the  iron  of  the  machine  or  the  copper  conducting  wires. 


Discussion. 

Mr.  J.  N.  Shoolbbbd  thought  the  present  paper  showed  the  value 
the  method  adopted  by  Dr.  Hopkinson  in  his  first  paper,  for  analysi 
and  representing  his  experiments ;  inasmuch  as  the  experiments 
other  persons,  with  other  machines,  and  also  with  the  Siem< 
machine,  had  been  reduced  on  that  method,  and  could  thus 
compared  together.  He  wished  to  refer  to  another  curve,  Fig. 
Plate  30,  which  formed  a  diagram  of  experiments  with  a  Gram 
machine,  carried  out  last  year,  at  the  India-Bubber,  Gutta-Perc 
and  Telegraph  Works  at  Silvertown,  by  Mr.  H.  E.  Gray,  i 
communicated  to  himself  by  that  gentleman.  The  value  of  the  font 
giving  results,  which  Dr.  Hopkinson  had  explained  to  the  Institat 
in  his  first  paper,  was  acknowledged  by  Mr.  Gray,  and 
experiments  had  in  a  great  measure  been  carried  out  on  the  sa 

*  See  additional  explanation  in  discusdon,  p.  283. 
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lines.  It  might  therefore  be  interesting  to  lay  them  before  the 
■eedng  rednoed  to  a  curve  in  the  same  form  that  Dr.  Hopkinson 
bd  idopted ;  by  that  means  the  results  could  be  compared  of  two 
ttchines — the  medium-size  Siemens  and  the  A-size  Gramme 
Mchiiw — which  were  generally  looked  upon  as  machines  of  pretty 
Mirly  equal  efficiency.  He  did  not  know  whether  the  curre  of 
Aoerbach  and  Meyer  (G  Fig.  2),  which  was  for  a  Gramme  machine, 
nfecnd  to  the  A  size  of  machine  or  not ;  perhaps  Dr.  Hopkinson  would 
lUte  this.  With  regard  to  the  diagram,  Fig.  8,  of  the  Silvortown 
c^wriments,  which  had  been  carried  out  on  23rd  July  of  last  year  on 
ttdiine  No.  868,  he  might  draw  attention  to  the  remarkable  similarity 
^  the  greater  portion  of  it  to  the  curye  shown  by  Dr.  Hopkinson  in 
^  1.  The  larger  amount  of  electromotive  force  which  was  shown 
hj  the  Gramme  machine  was  due  no  doubt  to  its  higher  speed — 
1000  revolutions  against  720  with  the  Siemens  machines — as  well  as 
to  the  mode  of  construction  of  the  machine  itself.  The  Thomson 
gilnnometer  and  the  resistance  coils  used  were  those  ordinarily 
employed  in  the  frequent  electrical  testing  which  took  place  in  those 
vorks.*    The  resistance  of  the  machine  when  cold  was  1*09  ohms, 

*  The  foUowing  infomiatioQ  has  been  received  in  a  letter  from  Silvertown 

■Me  the  date  of  the  meeting : — "  The  results  of  the  tests  made  on  the  A 

^ntme  machine.  No.  368,  to  ascertain  the  electromotive  force  with  different 

'^'^^'polar  reaiBtaiiccs,  were  obtained  from  the  fall  of  potential  between  two  points 

^  the  closed  circuit,  by  charging  a  condenser    between    these    points  and 

^'"'c^g  the  discharge  through  a  Thom&on's  reflecting  galvanometer :  several 

^^''^l^tt^ges  being  recorded,  and  the  mean  used  for  calculation.    The  points 

'^'''Wi  which  the  difference  of  potontuil  was  observed  were  the  brushes  attached 

^  the  ends  of  the  generating  or  armature  coil,  the  resistance  of  which,  as  well 

**  tbat  of  the  field-magnet  coils  and   intcrpolar  resistance,    was  measured 

'^''^Mdiatelj  after  each  experiment  in  order  to  ascertain  the  actual  resistance  of 

^  wire  when  heated  by  the  current.    This  being  of  material  importance, 

^*Mdlj  when  the  external  resibtancc  Lb  small,  the  machine  was  allowed  to  run 

*  tone  little  time,  to  let  the  heating  of  the  coils  take  full  effect  and  become 

^^blj  constant.      Knowing    therefore    the    resistance  of   the    field-magnet 

^^  tad  interpolar  resistance,  and  also  that  of  the  generating  coil  at  the  time 

^ben  the  difference  of  potential  between  the  two  brushes  was  measured,  the 

*^  eleetrumotlTe  foroe  has  been  worked   out   and  expressed   in   volts  by 

^puison  with  the  discharge  from  two  Leclauche'  cells,  the  electromotive  force 
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increasing  to  1  *  17  ohms  at  the  termination  of  the  experimentB.  Th 
results  of  these  experiments  were  presented,  as  worked  oak  t 
Silvertown,  in  the  following  Table,  the  form  of  which  was  similir^ 
tliat  adopted  by  Dr.  Hopkinson  in  his  paper  last  year  (see  Prooeedisj 
Inst.  M.E.  1879,  p.  249)  :  the  actual  speeds  of  the  expenments  m 
here  reduced  throughout  to  1000  reyolutions  per  minute. 

Experimenia  on  Gramme  Dynamo-Elecinc  Mcuhine^  A  size.  No,  81 
carried  out  at  Silvertown  23  July  1879.     (Fig.  8,  Plate  30.) 


No.  of 
Experinient. 

Total     • 
ReeiiMtance 
of  Circuit. 

R 

Electric 
Current. 

Q 

Electro- 
motive 
Force. 

E 

Work  measured  per  seoood. 

Ben. 
Armii 

By  Galvano- 
meter. 

^1 

Equivalent 
H.<ffve>power. 

niinl 

• 

Otiins. 

Webers. 

Volte. 

Erg-tens. 

H.-P. 

Ben 

1 

19-82 

0-36 

710 

0-003 

0003 

100 

2 

15-09 

0-62 

9-41 

0-006 

0008 

3 

9-83 

6-42 

6309 

0-40 

0-54 

4 

8-91 

8-09 

72-07 

0-58 

0-78 

5 

7-94 

9-24 

73-39 

0-68 

0-91 

6 

7-03 

11-68 

82-11 

0-96 

1-29 

7 

5-86 

15  04 

88  14 

1-33 

1-78 

8 

4-96 

20-14 

99-88 

2-01 

2-70 

9 

3-96 

24-85 

98-44 

2-45 

3-28 

10 

305 

30  07 

91-71 

2-76 

3-70 

11 

213 

44-94 

95-73 

4-30 

5-77 

of  a  Ltxjlanche  cell  being  taken  as  1-61  volts.  When  the  intezpobur  lesiMi 
nvas  over  4  ohms,  it  consisted  of  carbon  rods  0*496  inch  diameter  and  19  bi 
long,  joined  up  in  series;  and  for  re&istancea  less  than  4  ohms,  of  eofli 
indiarubber-covered  ninetcen-strand  copper  wire,  0*155  inch  diameter.  ' 
number  of  revolutions  of  the  generating  coil  per  minnte  was  taken  1 
velocimeter  direct  from  the  spindle  of  the  armature,  so  that  the  number  Indk 
could  not  be  affected  by  the  strap  slipping.  The  fall  therefore  in  tlie  electram 
force  cannot  be  attributed  to  this,  but  is  we  belieye  due  to  the  magnetiim  d 
field  magnets  falling  off  after  the  external  resistance  haa  been  reduced  heiji 
certain  point ;  and  is  in  effect  somewhat  analogous  to  the  action  in  a  batt^ 
to  polarisation.  This  effect  would  be  produced  in  a  Siemens  machine^  anlj 
the  external  resistance  had  been  still  further  reduced  than  in  the  cue  < 
Gramme  machine,  since  the  former  has  a  much  lower  resistance  than  the  lal 
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He  would  ask  Dr.  Hopkinson  kindly  to  give  some  further 
expliDation  with  regard  to  what  he  called  the  critical  current,  to 
iriuch  it  was  erident  he  attached  great  importance. 

Thesabject  of  photometers  and  standards  of  light  was  one  of  great 
importenoe  for  the  electric  light  and  for  all  large  sources  of  light.  The 
atnme  inconTenience  of  the  methods  which  had  hitherto  been  used, 
with  the  standard  sperm  candle,  had  forced  itself  upon  the  notice  of 
DiQj  observers,  and  had  been  commented  upon  very  ably  by  Mr. 
Pneee  a  short  time  back  (Proc.  Society  of  Telegraph  Engineers,  18B0, 
pi  162).  A  Tery  yaluable  rule  was  given  in  page  274  of  the  paper  as 
to  the  effiectiye  hors^-power  developed  in  the  electric  arc :  namely  that 
it  iM  the  prodnct  of  the  difiference  of  potential  and  of  the  current, 
^vided  by  746.  He  would  ask  how  the  divisor  746  was  arrived  at 
istidg  was  a  matter  of  considerable  practical  importance. 

He  might  direct  the  attention  of  members  to  the  very  important 
icsolti  stated  by  Dr.  Siemens  before  the  Boyal  Society,  and  alluded 
to  in  the  paper,  as  to  his  new  arrangement  for  dividing  the  current 
«iDtnating  from  the  coils,  according  to  the  suggestion  of  Sir  Charles 
^n^tstone.  By  sending  a  portion  of  the  current  back  again  to  the 
odtbg  magnet,  and  making  use  of  the  remainder  alone  for  duty  in 
^  electric  arc,  be  obtained  much  greater  regularity  in  the  i;^ork 
^ooe,  as  well  as  a  very  sensible  diminution  in  the  destructive  effect 
vhieh  the  machine  exercised  upon  itself.  Those  two  improvements 
^'^  be  of  very  great  importance  in  future  machines  of  that  kind. 

Hr.  R.  E.  B.  Gbompton  desired  to  point  out  the  practical  effect 
<^the  two  very  different  curves  given  by  the  two  classes  of  machines 
^  were  so  commonly  brought  into  rivalry,  namely  the  A  Gramme 
^  the  Siemens  medium  machine,  which  in  Fig.  2,  Plate  30,  were 
'^VMeated  by  the  curves  G  and  Sm  respectively.  The  A  Grammo 
'''■ciune^  it  would  be  seen,  had  very  high  electromotive  force, 
<Qd  much  the  best  current  of  the  two.  The  consequence  was  it 
^^  be  practically  used  with  a  much  thinner  leading  wire,  and  the 
^  of  the  cables  was  thus  greatly  reduced.  But  against  this 
'^^  be  set  the  fact  that  the  lamps  could  not  be  kept  burning  steadily 
^th  10  short  an  arc  as  in  the  Siemens  machine.    Now  the  length  of 
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the  arc  was  the  one  thing  which  mled  the  question,  whether  the 
electric  light  would  become  popular  or  not.  A  long  arc  inTuiaUy 
disgusted  everybody  who  had  been  accustomed  to  a  white  liglit;  it 
varied  constantly  from  purple  to  violet,  and  assumed  all  kixids  of 
ghastly  colours.  In  a  mknufactory  this  was  not  so  impartent; 
moreover  with  a  long  arc  there  was  not  the  same  fear  of  destroTing 
the  insulation  of  the  machine.  As  engine-drivers  were  sometiiDeB 
incautious,  and  governors  not  very  good,  and  as  a  long  arc,  tboo^ 
not  giving  so  stable  a  light,  left  greater  margin  for  variationfl  in 
speed,  without  risk  of  damaging  any  part  of  the  apparatus,  it  m 
better  to  use  the  longer  arc  wherever  the  light  was  employed  simply 
as  an  adjunct  to  a  factory.  He  believed  he  was  right  in  saying  tb^ 
with  the  short  arc  used  in  the  Siemens  machine,  much  more  caiefiil 
attention  had  to  be  given  to  the  regulation  of  the  lamp,  and  wodontt 
of  a  higher  class  had  to  be  employed  on  the  machine. 

If  Dr.  Hopkinson's  diagram.  Fig.  6,  Plate  31,  was  correct,  tf  no 
doubt  it  was,  the  problem  was  solved  which  had  perplexed  him  i^ 
a  long  time,  namely  to  find  out  the  point  at  which  to  regulate  tbe 
lamps  in  order  to  get  stability  of  light  But  Mr.  Shoolbred  had  ie* 
before  them  another  curve,  Fig.  8,  Plate  30,  to  which,  owing  to  tlifl 
inflection  at  the  upper  part,  he  found  it  rather  difficult  to  appi] 
the  method  shown  in  the  diagram.  Fig.  6.  It  appeared  to  him  tbii 
there  would  be  two  regions  of  instability  in  that  diagram;  and  ii 
that  case  a  lamp  could  never  be  got  to  bum  steadily.  He  thon^ 
the  apparent  fall  in  the  electromotive  force,  after  attaining  il 
maximum,  must  be  due  to  some  mistake. 

The  next  point  to  which  he  wished  to  call  attention  was  ti 
photometer.  Nothing  could  really  be  done  with  the  electric  lig 
without  a  good  photometer,  as  everybody  connected  with  it  won 
admit.  What  was  wanted  however  was  not  a  photometer  to  be  used  li 
a  telescope  in  a  horizontal  direction  only,  but  something  to  measv 
the  light  as  it  fell  in  practice  upon  books  or  papers,  generally  al 
considerable  angle,  say  60<»  from  the  vertical.  The  lamps  were  put 
OS  high  as  possible,  and  were  generaUy  spaced  at  such  a  distance  ap 
that  the  light  feU  at  somewhere  about  that  angle.  But  the  photomei 
described  in  the  paper  could  not  be  turned  upwards  at  such 
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^  to  Bhooi  the  light  down  into  the  standard  candle,  because  the 
me  of  the  candle  would  keep  perpendienlary  and  every  time  the 
gift  was  altered  the  distance  wonld  also  be  altered  between  the 
itw  of  the  candle  flame  and  the  photometer  slide.     In  practice 
•t  was  wanted  was  an  instrument  for  rough  measurement  only, 
ieh  could  be  taken  into  a  railway  station,  and  enable  an  opinion  to 
formed  as  to  whether  there  was  sufficient  light  to  suit  people, 
itii  this  object  he  proposed  to  divide  the  light  into  a  certain 
mber  of  standards,  say  three.      The  first  would  be  the  best  for 
mIb,  engravers,  or  fine  work  of  any  kind ;  the  second  standard 
dd  be  such  as  was  required  for  railway  stations  and  large  buildings 
ihit  class ;  and  the  third  for  outdoor  work,  such  as  contractors' 
9ftfitions.     Each  standard  might  be  represented  by  the  angular 
inioe  of  a  standard  candle  from  a  plane  surface  placed  below  it  at 
)  ordinary  angle.     He  had  designed  a  photometer  to  work  on 
ik  principle,  as  shown  in  Figs.  9  and  10,  Plate  32.    It  consisted 
t  stereoscope  A,  in  which,  in  place  of  the  usual  slide,  was  fitted  a 
de  B  formed  of  blotting-paper  ruled  with  fine  lines  of  spermaceti 
nL    A  lamp  C,  of  which  the  flame  could  be  raised  or  lowered, 
M  pliced  behind  the  slide,  and  threw  a  strong  light  on  its  under 
B&ee.    The  two  lights  to  be  compared  reached  the  upper  surface 
[fte  slide  through  the  telescopic  tubes  D  K      The  photometer 
nng  placed  on  its  tripod  stand  was  swung  round,  and  the  two  tubes, 
Ueh  were  hinged  at  H,  were  raised  at  an  angle  by  an  adjusting 
XNT,  mitil  the  light  to  be  observed  was  directed  fairly  upon  the 
Ue  through  the  tube  E.     The  back  light  G  was  then  increased  or 
binished  until  it  balanced  the  observed  light :  this  was  ascertained 
7  noticing  the  point  at  which  the  oiled  lines  on  the  slide  changed 
nn  dirk  to  light.    The  standard  candle  or  lamp  F  in  the  other 
ohioopic  tube  D  was  then  moved  in  or  out  until  its  light  also 
diooed  that  of  the  back  lamp  C.     The  int^isities  of  the  standard 
ght  ind  of  the  observed  light  were  then  equal,  and  their  distances 
OBI  the  centre  diaphragm  of  the  stereoscope  could  be  measured  and 
Beared.    Or  the  standard  light  might  first  be  balanced  with  the 
ok  lamp,  and  the  photometer  moved  bodily  nearer  or  further  from 
I  observed  ligiht,  until  this  also  balanced  the  back  lamp  as  before. 
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If  the  first  standard  were  represented  by  the  light  of  a  sk^ 
candle  placed  1  foot  from  the  surface  of  the  slide,  then  the  hon^ 
distance  of  the  photometer  from  a  plumb  line  let  fall  £ronl 
observed  light  would  be  the  radius  of  the  circle  which  voiiU 
illuminated  by  the  observed  light  up  to  that  standard.    In 
photometer,  as  the  observer  looked  simultaneously  and  directly  a 
surfaces  illuminated  by  the   two  lights,  their  difference  ooiil< 
observed  more  accurately  than  where  a  B  onsen  diaphragm  was 
which  must  be  observed  either  by  inclined  reflectors  or  by  pi 
In  either  case  light  was  lost,  and  error  thus  crept  in.     Except 
colour,  which  was   a   difficulty  not  easily  got  over,   a  very 
approximation  could  be  obtained  by  the  method  he  had  deaci 
Dr.  Hopkinson  seemed  to  consider  it  inaccurate  to  speak  of  compai 
measurements  of  the  electric  light  and  other  lights,  because  c 
difference  in  the  colours ;  but  he  did  not  see  how  that  difficulty ' 
be  overcome.     If  electric  light  and  gaslight  were  to  be  used, 
must  be  brought  into  comparison  somehow,  and  the  light  mu 
judged  of  by  the  power  it  gave  of  distinguishing  small  objects, 
such  a  purpose  he  thought  the  photometer  which  he  proposed 
sufficiently  good. 

With  regard  to  the  paragraph  in  the  paper,  p.  273,  which  refi 
to  burning  regulating  lamps  in  series,  the  easiest  way  of  doing 
was  simply  to  wind  the  lamp  electro-magnets  with  fine  wire  oa 
the  ordinary  wire,  and  pass  a  shunt  current  through  this  fine 
in  the  opposite  direction  to  the  arc  current.  The  fine  wire  f 
nicely  between  the  coils  of  the  large  wire,  and  made  a  very 
job,  with  very  slight  extra  expense  for  the  lamp. 

Mr.  W.  H.  Preeoe  said  Mr.  Crompton's  remarks  on  photonM 
induced  him  to  bring  before  the  notice  of  the  meeting  some  experiin 
that  he  had  recently  been  making  in  photometry.  The  great  diffio 
in  all  these  measurements  was  that  pointed  out  in  the  paper,  daii 
the  difference  in  the  colour  of  the  lights.  The  great  deaiden 
therefore  was  a  photometer  which  would  be  independent  of  eoL 
Neither  Dr.  Hopkinson  nor  Mr.  Crompton  had  got  over  the  diffioa 
but  some  assistance  might  be  obtained  from  one  of  the  Tery  ' 
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principles  ever  introduced  into  photometry.  It  was  introduced  by  a 
French  physicist  of  the  name  of  Bouguct,  who  was  yery  little  known, 
ind  who  lived  some  100  years  ago.  He  showed  how  it  was  possible  to 
meisoie  light  to  a  certain  extent  independently  of  colour.  Take  the 
one  of  a  rope  hanging  near  a  wall,  with  two  equal  lights,  one  directly 
in  front  of  it,  and  the  other  at  one  side.  The  rope  threw  a  shadow 
opoD  the  wall  from  each  light,  and  it  would  be  seen  at  once  that  the 
intenatj  of  the  shadow  from  the  side  light  was  very  much  less  than 
the  intensity  of  that  from  the  central  light :  and  if  it  were  possible  to 
more  the  central  light  nearer,  there  would  be  found  a  point  where  tho 
tide  shadow  would  disappear  entirely.  When  that  point  was  reached, 
the  ntio  of  the  squares  of  the  distances  of  the  two  lights  from  the  wall 
woold  be  the  ratio  of  their  intensities  measured  at  the  wall.  If,  instead 
oC  the  wiU  and  the  two  lights,  a  white  surface,  such  as  a  sheet  of 
ptper,  WM  used,  and  a  standard  candle  or  a  London  Argand  burner, 
which  he  belieyed  to  be  the  best  standard  burner,  then  the  apparatus 
mig)bt  he  taken  to  any  part  of  a  room  illumined  by  an  electric  light, 
ftod  the  intensity  of  the  light  at  that  place  might  bo  ascertained.  Tho 
important  thing  to  know  was,  not  the  intensity  of  the  light  up  at  tho 
coliog}  but  the  intensity  down  on  the  floor,  where  people  sat.  For 
mfiiSQring  the  lighting  of  a  room  or  a  railway  station,  a  white  disc 
oovld  he  placed  against  the  wall,  with  a  small  copper  rod  to  throw  a 
ihidow  upon  the  disc  from  a  moveable  standard  lamp ;  then  very 
l^idjastment  of  the  lamp  would  enable  the  point  to  be  found  where 
^  shadow  disappeared,  whence  a  relation  could  be  obtained  between 
^  standard  lamp  and  the  light  used  in  the  room.  He  had  been 
<^rimenting  on  this  method  with  very  satisfactory  results ;  bat  he 
^^  not  quite  sure  that  the  principle  worked  perfectly  true,  t.e.  that 
^  shadow  actually  did  disappear,  although  to  the  eye  it  practically 
^^^ed  to  disappear.  Even  that  kind  of  photometer  was  not 
^'^^^dent  of  one  great  cause  of  the  variations  which  existed  in  tho 
^'^^^soreuents  of  light,  namely  the  want  of  uniformity  in  the  human 
^  Thus,  if  several  measurements  of  the  same  light  were  taken  by 
^^^^Brent  observers,  it  would  be  found  that  they  all  dififcred  by  a  very 
^^^^eiable  amount;  in  fact  ho  had  known  careful  measurements 
^  the  same  light,  made  by  different  people,  which  varied  between 
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250  candles  and  1200  candles.  Such  a  result  showed  in  the  fin 
that  the  apparatus  now  used  for  measuring  light  was  yery  imi 
and  secondly  that  it  was  used  by  means  of  another  instmmi 
human  eye,  which  was  also  imperfect. 

Mr.  John  Perbt,  referring  to  the  statement  on  p.  271,  witl 
to  the  photometer  used  by  Professor  Ayrton  and  himself  hf 
concaye  lens,  said  that  of  course  they  had  known  that  a  com 
would  serve  quite  as  well  for  the  purpose  required,  which  wa 
a  yery  diyergcnt  cone  of  rays  from  a  very  small  pencil  of  li( 
concave  or  a  convex  lens  might  be  used  for  that  purpose,  and  he 
see  that  there  could  be  very  much  difference  in  the  accuracy 
divergence;  but  they  had  chosen  a  concave  lens,  because 
thinner,  and  therefore  there  would  be  less  absorption  of  light 
glass.  Dr.  Hopkinson  however  was  in  a  much  better  positioi 
what  the  absorption  would  bo  than  Mr.  Ayrton  and  himself, 
the  concave  lens  the  instrument  was  also  shorter,  by  just  in 
focal  length. 

With  regard  to  the  measurement  of  light  in  various  dir« 
that  form  of  photometer  could  be  easily  arranged  for  snj 
direction  than  horizontal.  It  would  simply  be  necessary  to 
the  relative  inclination  of  the  two  parts  of  the  instrument,  so  t 
screen  which  was  illuminated  by  the  standard  candle  still  re 
vertical,  while  the  screen  which  was  illuminated  by  the  rays  h 
source  of  light  was  placed  at  right  angles  to  the  direction  o: 
rays,  whatever  that  direction  might  be. 

Mr.  KiLLiNGWOBTH  Hedoes  hopcd  on  another  occasion  to  d 
some  experiments  he  had  lately  been  making  on  carbons.  H( 
agreed  with  Mr.  Crompton,  that  very  often,  although  a  sh< 
was  the  best,  engineers  were  obliged  to  use  a  long  one :  and  tl 
way  of  getting  over  the  difficulty  of  colour  was  to  prepare  the  o 
either  by  coating  them,  or  by  mixing  some  substance  with 
which,  becoming  incandescent,  would  give  out  rays  that 
neutralise,  to  a  largo  extent,  the  blue  colour  conside] 
objectionable. 


\nnim.  ELECTRIC   LIGHTING.  283 

Dr.  EoPKiNSON  thonght  the  inflection  at  the  top  of  the  curve  in 
P%.  8,  Plate  30,  must  be  dne  to  some  uncorrected  error  of  observation, 
fBich  might  easily  remain  undetected  owing  to  the  small  number  of 
xpeiiments  recorded ;  he  did  not  think  it  was  physically  possible  that 
be  dure  shduld  have  that  form  with  a  constant  speed  of  rotation. 

In  reference  to  the  size  of  the  Gramme  machine  used  by  Auerbach 
ad  Meyer  for  the  experiments  shown  in  the  curve  G,  Fig.  2,  they 
id  not  described  it  as  an  A  or  a  B  machine,  but  had  stated  its 
6etrical  resistance  as  0  *  97  ohm.  That  probably  would  be  the  best 
wription  of  the  machine,  with  a  view  of  comparing  it  with  any 
berOramme  machine.  As  to  the  critical  current,  what  he  had 
itten  really  amounted  simply  to  this :  that,  roughly  speaking,  the 
m  ahowing  the  connection  between  the  electromotive  force  and 
t  eorrent  rose  approximately  in  a  straight  line  at  first,  and  then 
ned  ofi^  as  far  as  he  could  judge,  towards  a  horizontal  asymptote, 
e  straight  line  continuing  to  about  two-thirds  of  the  height  of  the 
vixontal  asymptote.  Ho  thought  therefore  it  was  convenient,  in 
ioibing  the  machine,  to  take  the  current  which  he  had  called  the 
itittl  current  as  tiie  definition  of  the  distance  to  which  the  curve- 
n  in  a  straight  line  before  it  became  curved.  Practically  the  current 
v  instable  whenever  it  was  below  that  point. 

Tith  respect  to  the  factor  746,  given  on  p.  274,  the  product  of 
Anooe  of  potential  and  current  was  power,  which  could  of  course 
^pTon  as  so  many  foot-pounds  per  minute;  but  the  number  that 
II  got  by  multiplying  webers  and  volts  together  did  not  give  the 
over  in  foot-pounds,  and  it  required  a  factor  to  reduce  the  one  to> 
be  other,  just  as  it  required  a  factor  to  reduce  gramme-centimetres,, 
(lay  other  measure  of  power,  to  foot-pounds.  The  factor  in  this 
He  happened  to  be  746,  as  would  be  seen  by  referring  to  Everett, 
'^nits  and  Physical  Constants."  The  product  of  a  weber  and  a 
^  wig  10'  ergs  per  second  (p.  138),  whilst  a  horse-power  was 
^*tt  X  10*  =  746  X  10'  ergs  per  second  (p.  25) ;  henco  the  rule 
Swen, 

With  regard  to  Mr.  Crompton's  remark  on  the  comparison  of  the 
^  ^inane  machine,  curve  G,  Fig.  2,  with  the  Siemens  medium-sized 
°**^e,  curve  Sm,  Fig.  2,  ho  thought  the  fact  really  was  that  the 
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whole  curve  would  be  made  steeper,  the  electroir 
more  rapidly  in  proportion  to  the  current.  Thus 
curve  would  rise  more  quickly  towards  a  greater 
and  the  consequence  would  be  that  in  the  angle  a 
would  approximate  to  the  curve  6  of  the  Gramm 
would  rise  to  a  greater  height.  The  mediumnsized 
was  really  a  machine  of  greater  power  than  the  A  < 
To  drive  it  with  its  ordinary  currents  he  felt 
required  higher  horse-power;  and  consequently  a 
energy  could  be  actually  devoted  to  the  arc  with  th( 
machine  than  with  the  A  Gramme  machine. 

He  had  had  some  experience  with  the  Siemens 
it  working  in  the  hands  of  a  mere  labourer,  who  1 
engine  that  drove  it,  and  had  no  trouble  with  it 
had  taken  very  great  care  to  have  the  engine 
governed  before  starting.  He  believed  that  the 
engines  was  the  cause  of  half  the  trouble  experiei 
with  any  other  electric  light. 

With  regard  to  the  photometer,  he  did  not  tli 
serious  difficulty  in  adapting  it  to  measure  light  at  ( 
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In  reference  to  the  question  how  the  electric  light  was  to  be 
described  if  not  in  standard  candles,  he  would  propose  simply  to  say 
tbit  t  given  electric  light  contained  so  many  times  as  much  of  a 
girenb'nd  of  red  or  blue  light  as  a  standard  candle.  When  light 
vu  spoken  of  as  given  by  an  electric  lamp  or  by  a  candle,  the  same 
word  was  applied  to  two  different  things  which  could  not  be  correctly 
compared  with  each  other. 

With  r^ard  to  Mr.  Preece*s  shadow  photometer,  he  did  not  think 
ii»t  it  was  entirely  independent  of  colour.  Though  probably  for  any 
ooe  obaenrer  it  would  be  so,  it  seemed  to  him  exceedingly  probable 
tbat  different  obeerrers  would  obtain  different  comparative  results. 
With  regard  to  the  convex  and  concave  lens  mentioned  by  Mr.  Perry, 
k  did  not  think  the  absorption,  in  a  lens  of  the  thickness  required 
u  other  case,  was  any  sensible  quantity ;  and  for  that  reason  he 
itiU  thought  that  the  best  plan  was  to  adopt  a  convex  lens,  so 
« to  be  able  to  put  in  a  diaphragm  at  the  proper  place,  and  cut  off 
>U  stray  Hght. 

The  Prxsidxnt  proposed  a  vote  of  thanks  to  Dr.  Hopkinson  for 
^  P*p6r,  which  was  carried  by  acclamation. 


The  PusiDSNT  proposed  a  vote  of  thanks  to  the  Institution  of 
Qril  Engineers  for  their  kindness  in  allowing  the  members  the  use 
of  their  room. 

The  motion  was  carried  unanimously. 


The  Meetmg  then  terminated. 
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ON    THE    MANUFACTUBE    OF    STEEL, 
AND  THE  MODE  OF  WOEKING  IT. 

By  D.  CHERNOFF. 
(Jtead  hefore  the  Imperial  Russian  Technical  Societyj  April  and  May,  1868. 


Translated  by  Mb.  Wii4ja]i  Andebson,  of  Sbith, 
and   bepbinted   by   thk   authobttt   of  the   cootcil. 


Steel,  as  generally  used  in  the  arts,  is  a  combination  of  iron 
car1x)n.  The  purer  these  elements  in  steel,  the  higher  are 
qualities.  The  best  steel  that  has  ever  been  made  in  any  ag 
country  is,  without  question,  'boulat'  (the  sabre  steel  of 
Tartars).  The  special  qualities  of  'boulat,'  and  especially 
markings  appearing  on  its  surfiEtce,  have  sent  many  investigaton 
a  wrong  scent ;  all  thought  to  find  the  extraordinary  qualitie 
this  steel  in  some  special  mixtures.  Careful  analyses  have  l 
made,  but,  to  the  surprise  of  all,  nothing  has  been  found  oompei 
to  explain  the  presence  of  the  characteristic  veining.  Xnasmub! 
the  veining  of  *  boulat'  is  closely  connected  with  its  quality,  it  ^ 
attempted  to  find  substances  which,  being  melted  with  the  bU 
would  produce  the  markings  required.  Steel  was  melted  w; 
various  metals,  with  platinum,  silver,  and  so  on,  and  veiBUi 
were,  no  doubt,  produced ;  but  in  the  first  place,  they  were  &r  & 
having  the  same  regularity  and  beauty,  and  secondly,  as  well 
chiefly,  the  steel  produced  was  always  inferior  to  *  boulat.'  T 
peculiarity  of  the  veining  of  '  boulat'  lies  also  in  this,  that  if  J 
heat  a  good  specimen  of  the  steel  with  dearly-marked  veining 
a  bright  red  heat,  and  then  allow  it  to  cool,  it  will  be  imposBil 
to  restore  the  markings,  no  matter  how  long  you  treat  the  suifM 
with  acid.  The  veining,  on  the  other  hand,  produced  by  i 
mixture  of  metals  never  disappears,  however  much  the  sted  D 
be  heated.    But  if  the  piece  of '  boulat '  in  which  the  veining  I 
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disappoared  be  meltod  again,  then,  if  certain  conditions  in  the 

cooling  of  the  ingot  are  observed,  the  veining  appears  again, 

though  of  a  somewhat  different  design ;  and  in  this  manner  it  is 

poesiWe  to  produce  or  annihilate  the  pattern  several  times.     The 

invatigations  of  Anosoff  have  clearly  shown  that  the  problem  is 

«olTed  in  the  purity  of  the  steel,  and  he  has  succeeded,  as  is  well 

fawwn,  in  producing  the  very  highest  qualities  of  Eastern  *  boulat.' 

On  a  former  occasion  I  spoke  of  the  observations  I  had  made  on 

4e  ribbons  of  dead  tint  observable  on  the  surfaces  of  steel  guns 

in  the  latho.    By  means  of  careful  daily  records  of  the  forging 

of  the  gun  ingots,   I  found    that  these    tints  appeared  in  the 

^^oondaries  between  the  hot  and  the  cold  portions  of  the  ingot 

^)^  forged ;  that  is  to  say,  always  at  those  pointp  up  to  which  the 

uigot  was  pushed  into  the  furnace.     The  position  and  appearance 

of  the  strips  of  dead  tint  always  coincided  with  the  position  and 

fona  of  the  limit  of  heating.     If  a  spot  so  noted  by  me  was 

^^wwards  reheated,  then  the  ribbon  of  dead  tint  no  longer  appeared 

*fter  taming  in  the  lathe.     Besides  this,  some  of  these  ribbons 

^^  disappear  as  a  greater  or  less  thickness  of  metal  was  turned 

^l  others  penetrated  right  through  the  mass  of  the  gun,  and 

'^^^  disappeared. 

It  is  forther  remarkable,  that  although,  at  times,  the  transition 
fiom  the  heated  to  the  cold  portion  of  the  ingot  was  so  gradual 
^  it  was  impossible  to  assign  any  limit,  yet  the  ribbon  of  dead 
tint  developed  by  the  turning  of  the  surface  of  gun,  and 
^^'''esponding  to  the  above  ill-defined  limit  of  heating,  was  so 
^^ly  marked,  that  it  was  easy  to  trace  its  boundaries  with  a 
P^^  on  the  surface  of  the  gun.     It  must  be  remarked  also  that 


a 


^  ribbon  has  only  one  well-defined  margin,  that  which  was 
toned  towards  the  cold  end  of  the  ingot ;  the  other  margin  is 
duded  off  imperceptibly  into  the  normal  tint  a  of  the  steel. 
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Wislung  to  investigate  the  effects  of  the  steam  hammer  on  1 
structure  of  steel,  I  heated  a  4j^-inch  ingot  to  a  bright  red  ooio 
and  subjected  it  to  two  heavy  blows  of  a  5-ton  hammer,  so  tl 
one-third  the  length  was  not  touched  at  all,  the  second  thisd  i 
flattened  to  3  inches,  and  the  last  received  two  cross  blows,  un 
each  of  which  there  was  a  compression  of  at  least  1^  incL  ^ 
ingot  was  then  left  to  cool  in  the  open  air,  and  on  being  broke; 
was  found  that  the  appearance  of  the  structure  of  each  of  the  tl 
sections  remained  identical,  not  only  to  the  naked  eye,  but  to 
most  careful  microscopical  examination. 

I  have  also  drawn  attention  to  the  circumstance  that,  on 
occasion,  when  experimenting  on  the  influence  of  the  tempera' 
to  which  steely  was  heated  on  its  hardness  in  temperini 
ordered  a  smith  to  heat  a  piece  of  steel  to  dull  red,  but  he, 
mistake,  heated  it  bright  red.  Wishing  to  rectify  the  error,  I 
not  at  once  plunge  the  steel  into  water,  but  let  it  first  oool  d 
to  dull  red,  and  then  immersed  it.  Although  the  steel  was  < 
quality  capable  of  extreme  hardness  in  tempering,  the  immen 
not  only  did  not  make  it  hard,  but  actually  made  it  sensi 
softer.  I  have  recalled  the  above  circumstances  because, 
connection  with  many  others,  they  induced  me  to  investigate 
influence  of  temperature  on  steel,  and  formed  points  of  deparf 
for  my  researches.  Space  will  not  allow  of  my  describing 
experiments  in  detail.  I  must  content  myself  with  stating 
conclusions  to  which  I  have  arrived. 

If  steel  melted  in  a  crucible  is  conBtantly  kept  in  viol 
agitation  while  cooling,  agitation  violent  enough  to  keep  all 
particles  in  motion,  then  the  cold  ingot  produced  will  have  a  ^ 
finely  crystallised  structure  ;  if,  on  the  other  hand,  the  melted  s 
is  allowed  to  cool  in  perfect  quiet,  then  the  resulting  casting  ^ 
consist  of  large  well-developed  crystal^.  The  appearance  of  tl 
crystals,  and  generally  the  tendency  to  crystallise  under  tl 
circumstances,  will  depend  on  the  purity  of  the  steeL  As  1 1 
already  stated,  the  ultimate  purity  of  the  steel  consists  in  1 
of  its  two  component  elements,  iron  and  carbon,  and  the  best  i 
is  composed  of  only  these  two  elements. 
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With  reference  to  other  elements,  the  presence  of  wliich  is 
•apposed  to  influence  the  quality  of  steel,  it  is  impossible  to  avoid 
mentioning  the  opinion  of  Fremy,  who  considers  nitrogen  so 
eMQtial,  not  only  to  the  formation,  but  to  the  very  existence  of 
itad,  that  he  has  laid  down  the  proposition  that  *'  if  the  nitrogen 
ii  tiken  away  from  steel  it  will  cease  to  be  steel "  ("  Comptef* 
wdns,"  voL  LII.,  April,  1861) ;  and  the  supporters  of  this  theorj' 
go  finrther,  and  affirm  that  steel  is  a  union  of  iron  with  cyanogen, 
vUdi  can  even  be  seen  burning  with  a  violet  flame  during 
^  process  of  casting  steel !  However,  up  to  the  present  time 
(1868),  the  most  careful  researches  of  Caron,  Marchand,  Biot, 
Boonnganlt,  Bammelsberg,  and  others,  have  not  confirmed  the 
MMrtioDs  of  Fremy ;  for  on  the  one  hand,  nitrogen  is  found  also 
a  loft  wrought  iron  and  in  cast  iron,  and  on  the  other,  the  quantity 
of  mtrogen  found  in  steel  is  very  variable,  and  bears  no  fixed 
wJttion  to  the  quantity  of  carbon ;  and  furthermore,  it  exists  in 
"Kh  nudl  quantities  as  to  be  less  than  a  tenth  part  of  the  carbon, 
for  instance,  Bussengol  found  0  *  00057  part  of  nitrogen  in  castr 
•W,  and  0-00124  part  in  soft  wrought  iron  ("  Comptes  rendus," 
▼olLIl,  p.  1251).  On  another  occasion,  he  found  in  Krupp  steel 
0*00022  part  of  nitrogen,  and  in  soft  wrought  iron  and  in  cast 
«W,  0-00007  each  ("  Comptes  rendus,"  vol.  LIIL,  p.  9). 

With  reference  to  the  influence  of  different  metals  on  the  quality 
^  steel,  it  is  necessary  to  state  that  some  of  them  communicate  a 
ps^&olar  colour,  some  diminish  the  tendency  to  rust,  and  others, 
^^•pWang  the  carbon,  enable  the  steel  to  acquire  very  great 
^MBB  in  tempering,  and  so  on;  but  the  greater  number  of 
SQbitances  combined  with  steel,  even  in  the  most  insignificant 
I*^lK>rtions,  very  considerably  lower  its  quality. 

For  example,  the  malleability  of  steel,  being  in  direct  relation 
w  the  quantity  of  carbon  contained  in  it,  is  materially  lowered  by 
^  presence  of  foreign  substances.  Bessemer  steel  No.  1^ 
^tainmg  2  per  cent,  of  carbon,  is  hardly  malleable  (Boman,  "  Da& 
"^■•emem  in  Schweden,"  1864) ;  whereas,  according  to  Anosoff, 
V^  tteel  retains  its  malleability  with  3  per  cent,  of  carbon, 
fcmingthe  hardest  *  boulat.'     Speaking  generally,  all  the  efforts  of 
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metallurgists  to  obtain  the  highest  qualities  of  steel  shoolc 
directed  to  separating  impurities  from  the  raw  materials,  bo 
the  produce  of  their  operations  should  be  a  combination  of 
and  carbon ;  and  all  the  specifics  and  nostrums  forming  the  sob 
of  so-called  secrets  will  be  found  to  consist,  in  effect,  not  ii 
introduction  of  new  materials,  but  in  purifying  the  raw,  and, 
as  a  last  expedient,  driving  out  pernicious  impurities  by  n 
of  substances  less  harmful. 

It  may  as  well  be  said  that  tungsten  steel  has  not  pro" 
dangerous  rival  to  carbon  steel. .  The  fact  is  that  tungsten, ' 
steel  containing  it  is  heated,  gradually  oxidises,  at  first  oi 
surface  of  the  ingots,  and  then  by  degrees  to  the  very  cent 
that  after  a  few  heats  the  steel  loses  its  peculiar  qualities, 
oxidation  takes  place  even  at  ordinary  temperatures. 

As  I  have  already  stated,  steel,  cast  and  allowed  to  cool  qu 
assumes  a  crystalline  structure.  If  you  heat  such  an  ingot 
bright  red  heat,  and  allow  it  to  cool  without  working  it  in 
way,  then,  on  breaking  the  mass,  you  will  find  that  its  strut 
has  been  altered.  In  order  to  explain  the  law  regulating 
change  of  structure  produced  by  heating,  I  draw  a  line,  on  w 
as  on  th^  scale  of  a  thermometer,  I  shall  mark  certain  p( 
corresponding  to  several  determined  temperatures. 

Let  the  point  o  be  the  zero  of  the  thermometric  scale :  a  n 
the  temperature  of  dark  cherry-red ;  h  red,  but  not  sparkling;  t 
the  melting  point  of  a  given  sample  of  steel.  The  points  a,  5 
c  have  no  permanent  place  on  the  scale,  but  vary  with  the  qn 
of  the  steel  (in  pure  steel  this  variation  depends  direotly  oa 


Xo  clianp:e  of  structure. 


Rising  from  b  to  e, 
amorpbouB  itnicture. 
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Will  not  harden. 


Falling  from  ctob, 
cryatalUntkm. 


quantity  of  carbon  contained);  the  harder  the  steel  the  s 
these  points  move  to  o,  and  the  softer  the  steel  the  farther  ofii 
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ong  generally,  with  varying  rates.  Tho  limits  of  these 
ments  are  sufficiently  narrow,  so  that  an  inexperienced  eye 
I  hardly  discern  them.  Not  having  suitable  apparatus  for 
iring  the  temperatures,  I  have  been  compelled  to  denote  them 
)  colourB  exhibited  in  heating,  tho  various  shades  of  which 
in  experienced  eye  can  appreciate;  and  it  must  be  added 
he  colours  named  have  reference  only  to  hard  and  medium 
ies  of  steel ;  for  in  the  very  soft  kinds,  nearly  approaching 
)nght  iron,  the  points  a  and  b  recede  very  far,  so  that, 
ample,  in  wrought  iron  the  point  b  corresponds  to  white 

e  definition  of  the  point  a  is  as  follows : — Steel,  however  hard 
f  be,  will  not  harden  if  heated  to  a  temperature  lower  than 
^ever  quickly  it  is  cooled;  on  the  contrary,  it  will  get 
ly  softer  and  more  easily  worked  with  the  file.  Not  having 
0  enter  into  the  explanation  of  this  phenomenon,  I  will  refer 

investigation  of  Jullien  (*'  Les  affinity  capillaires  et  los 
n^es  de  la  trempe  mis  en  presence,"  Paris,  1866)  on  tempering 
aral :  from  which  he  deduces  the  very  probable  conclusion 
ied,  in  cooling  from  a  red  heat,  appropriates  a  certain  amount 
flit  heat,  the  quantity  of  which  is  directly  dependent  on  the 
'  cooling ;  so  that  the  (^nicker  the  steel  is  cooled,  the  greater 
iy  of  latent  heat  it  will  contain ;  but  if  the  rate  of  cooling 
LBhes  below  a  certain  limit,  then  the  latent  heat  all  escapes, 
0  hardening  can  take  plac^.  The  actual  hardening  Jullien 
HB  by  the  supposition  that  the  carbon  assumes  an  abnormal 
Uine  condition.  I  will  add  from  myself  that  all  this  takes 
only  when  steel  is  heated  above  the  point  marked  a  on  our 

The  definition  of  the  point  &  is  that  steel  heated  to  a  lower 
nature  than  b  does  not  change  its  structure,  whether  cooled 
dy  or  slowly.  This  expression  however  must  be  taken 
^^oiially,  because  steel,  during  long  periods  of  time,  and 
^•Uy  under  the  influence  of  shocks  or  vibrations,  and  at 
"^  temperatures,  but  to  a  less  extent  than  wrought  iron, 
■^  from  the  finely  granular  to  the  coarse  crystalline 
^^^i  and  as  regards  the  heated,   and   therefore  softened. 
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condition,  and  ospeciallj  at  temperatures  approximating  to  that 
indicated  by  the  point  6,  it  is  probable  that,  with  the  greater 
facility  of  motion,  the  change  of  structure  will  take  place  more 
rapidly.  In  my  own  experiments  I  have  kept  pieces  of  steel  at 
temperatures  near  to  h  for  about  eight  hours,  but  after  cooling 
slowly  in  hot  sand  I  have  been  unable  to  detect  any  change  of 
structure. 

As  soon  as  the  temperature  has  reached    the   point  h  the 
substance  of  st^  quickly  passes  from  the  granular  (or,  speaking 
generally,    crystalline)    condition  to    the    amorphous    (wax-like 
structure),  which  it  retains  up  to  its  molting  point,  that  ifl,  to 
the  point  c.     In  this  condition  steel  possesses  the  property  of 
incompressibility,  and,  at  the  same  time  (with  respect  to  the 
permanence  of  the  amorphism),  has  an  analogy  to  an  exceedinglj 
concentrated  solution  of  a  strongly  crystalline  salt.     To  make 
my  meaning  clearer,  imagine  a  piece  of  crystallised  alum  put  into 
a  beaker  and  carefully  heated.     On  attaining  a  certain  determined 
temperature  the  piece  of  alum  will  appear  as  if  damp,  the  separate 
crystals  forming  the  mass  will  seem,  as  it  were,  to  be  sticking  oT 
clinging  to  each  other,  forming  a  mass  on  the  point  of  melting  au^ 
which  actually  becomes  gradually  fluid,  and  forms  a  solution  of  tb* 
crystals  of  alum  in  their  own  water  of  crystallisation.    Now  if  tlL** 
fluid  mass  is  allowed  to  cool  it  will  again  crystallise,  and  accordini 
to  the  conditions  under  which  this  cooling  takes  place  we  oaJ 
obtain  any  quality  of  crystals,  from  the  coarsest  to  grains  so  fine  ai 
to  be  scarcely  perceptible  to  the  naked  eye. 

If  the  fluid  is  allowed  to  cool  very  slowly,  and  in  perfect  quiet, 
then  large  regular-shaped,  well-developed  crystals  will  be  formed 
but  if,  with  the  same  gradual  cooling,  the  liquid  is  kept  ii 
constant  agitation  (shaken  up),  the  crystals  will  come  out  ver] 
small.  Allowed  to  cool  quietly  but  rapidly,  the  crystals  will  also  b 
small ;  and,  finally,  the  least  favourable  condition  for  crystallisatioi 
is  when  the  liquid  cools  rapidly,  and  is  at  the  same  time  violentl; 
agitated.  In  a  word,  all  depends  upon  the  greater  or  less  time  ixt 
the  greater  or  less  freedom  of  motion  the  particles  possess  amooj 
themselves  for  collection  into  crystals;  the  first  condition  depend 
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e  nte  of  cooling,  tlie  second,  upon  quiet  and  the  greater  or 
Aty  (thickness)  of  the  mass  undergoing  crystallisation. 
tame  changes  take  place  in  the  structure  of  steel  heated 
le  point  6.  The  higher  steel  is  heated,  the  softer  it  becomes ; 
iter  therefore  is  the  liberty  its  particles  possess  to  group 
veB  into  crystals  (if  the  quiet  of  the  mass  is  not  disturbed 
jieous  forces) ;  and  the  slower  the  temperature  is  suffered  to 
the  point  b,  the  more  time  they  have  for  the  purpose.  At 
tuies  lower  than  6,  as  already  stated,  the  structure  of  the 
esnot  alter.  In  this  case  the  action  of  carbon  on  iron  may 
led  to  that  of  water  of  crystallisation  on  its  salt ;  that  is,  it 
supposed  that  carbon  at  the  temperature  h  begins  to 
>  iron  just  as  the  water  of  crystallisation  at  certain 
ktures  oommenoes  to  dissolve  the  solid  substance  of  the  salt. 
"pothesis  receives  confirmation  in  the  process  of  cementation, 
h  the  iron  must  be  heated  to  above  a  certain  temperature 
bot  will  be  produced,  no  matter  how  long  the  bars  remain 
act  with  the  carbon ;  it  is  very  probable  that  the  temperature 
ih  carbon  begins  to  be  absorbed  in  cementation  is  very  near 
point  b. 


-^m        xYti        -VaU       Y*UI    ^y«  IV 
•«C^       wC^        mM^        ^Lf         •JL^ 


\  power   of  steel  to  become  granular  may  be  graphically 
•ted  thus : — On  our  scale  of  temperatures  o,  a,  6,  c,  a  curved 
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line  rises  from  the  point  h,  and  the  ordinates  y  y,  &c.,  of  this  cone 
represent  the  degree  of  development  of  the  grains  for  the 
corresponding  temperatures  x  x,  &c,  which  become  the  abscisBc 
but  necessarily  under  similar  conditions  of  cooling  from  the  seyeit 
temperatures  a;  a;  to  the  temperature  &.  At  some  temperatue  J 
lower  than  the  melting  point  c,  the  ordinate  Y  becomes  infinite 
and  an  asymptote  to  the  curve,  the  practical  significance  of  which  i 
apparent  in  the  well-known  fact  that  steel  will  not  endure  a  higl 
welding  heat,  but  falls  to  pieces  in  the  fire ;  and  the  harder  the  stee 
the  lower  is  the  temi)eraturo  at  which  this  takes  place,  an* 
therefore  the  nearer  is  the  temperature  X  to  o,  and  the  &rth€ 
from  c. 

In  manufacturing  articles  of  steel  we  try  to  get  them  as  mnc 
as  possible  of  a  fine-grained  structure,  especially  if  strength  o 
toughness  is  the  first  object  sought.  I  say  that  it  is  better  t 
obtain  steel  of  a  finely  crystalline  structure,  because  numeron 
experiments  have  demonstrated  that  the  greater  the  preponderanc 
of  the  crystalline  formation,  and  the  larger  and  more  regnla 
the  crystals  in  a  given  piece  of  steel,  the  less  resistance  does  i 
ofier  to  fracture,  the  less  tenacity  does  it  possess,  and  therefin 
men  connected  practically  with  the  working  of  steel  recogniBe  it 
qualities  by  the  appearance  of  its  fructure.  If  the  fractore  i 
fine-grained,  they  say  the  steel  is  well  forged  and  consolidated;  i 
it  is  coarse-grained,  it  is  badly  forged  and  of  an  open  character. 

Although  we  are  in  the  habit  of  associating  with  the  forging  ( 
steel  an  idea  of  increased  density,  yet  in  reality  it  appears  that,  i 
most  cases,  forging  changes  only  the  form  of  the  steel,  an( 
according  to  the  relations  between  the  force  of  the  blows  and  ti 
thickness  of  the  piece  of  steel  being  worked,  hinders  crystallisatic 
of  the  mass  to  a  greater  or  less  degree,  but  does  not  increase  i 
density  (I  am  speaking  only  of  forging  above  the  temperature 
such  as  is  general  in  working  large  ingots).  The  force  of  tl 
blows  is  too  small  to  vanquish  that  gigantic  molecular  force  of  h« 
which  keeps  the  particles  of  steel  at  a  definite  distance  one  from  tl 
other.  The  problem  of  forging  (at  temperatures  higher  than  I 
consists  in  this,  that  while  changing  the  form  of  the  mass  of  ste* 
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it  shonld  have  no  time  to  cool  and  crystallise  qnietly,  but  should 
be  kept  in  the  amorphous  condition  till  such  time  as  the 
taBperatore  sinks  below  the  point  &,  after  which,  if  left  to  cool 
in  quiet,  the  mass  will  no  longer  crystallise,  but  will  possess  great 
tttidty  and  homogeneity  of  structure,  so  that  it  will  oppose  in  all 
itiptrts  a  oniform  resistance  to  external  forces,  of  course  supposing 
tka  chemical  composition  of  the  mass  throughout  to  be  the  same. 

Bat  if  the  problem  of  forging  was  limited  to  the  above 
oooditions,  it  is  easily  seen  that  working  steel  under  the  hammer 
ni^t  be  dispensed  with,  and  the  required  form  given  at  once 
by  outing  in  suitable  moulds,  and  preventing  crystallisation  by 
lipid  cooling.  In  reality  however  things  are  very  different. 
The  difficulty  of  forging  is  aggravated  by  the  circumstance  that 
tie  cut  ingots  out  of  which  guns,  for  example,  have  to  be  .made 
ii«  Ml  of  pores  filled  with  gas,  bubbles  penetrating  the  interior 
«  well  as  the  surface  of  the  mass,  and  also  with  scales  and  cracks 
Qe  to  contraction,  so  that,  as  the  castings  are  delivered  from  the 
imndry,  it  would  be  impossible  to  make  use  of  them.  These 
iibUes  and  cracks  must  be  squeezed  or  pressed  together^  and  this 
in  only  be  done  by  powerful  mechanical  means — by  heavy  forging, 
limply  nnforged  cast  steel  is  neither  less  dense  nor  less  strong  than 
ted  of  the  same  molecular  structure,  and  forged  at  temperatures 
u^ier  than  6.  To  convince  myself  of  this,  I  made  a  numbeV 
)l  experiments,  first  on  the  density  of  the  two  kinds  of  steel,  and 
bund  that  in  most  cases  forging  had  diminished  the  specific  gravity ; 
Uid  secondly,  I  found  that  the  tenacity  of  the  cast  steel  was  in 
ivnrifle  less  than  that  of  the  forged,  provided,  as  I  said  before,  both 
luve  the  same  structure.  To  prove  this,  I  took  a  cast  ingot  of 
oottae  crystalline  structure ;  I  had  it  cut  longitudinally  into  four 
Wb.  One  of  these  parts  was  turned  down  in  the  lathe,  and  tested 
*^  the  proving  machine.  The  second  piece  was  heated  to  bright 
^  and  vigorously  forged  under  a  3-ton  hammer,  the  forging 
"^  stopped  when  the  temperature  fell  to  very  nearly  the  point 
">  the  specimen  was  then  turned  down,  and  also  tested  in  the 
I*oving  machine.  The  third  piece  was  made  red  hot,  very  nearly 
^  same  temperature  at  which  the  forging  of  the  second  piece 
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terminated,  and  was  allowed  to  cool  in  the  open  air  without 
forged.  Having  broken  a  small  piece  off  this  last  specu 
found  that  it  had  assumed  a  finely  granular  structure  very  i 
to  that  of  the  second  forged  specimen.  The  third  sample  w 
turned  down  in  the  lathe,  and^  tested.  The  three  specuxu 
now  before  you,  and  you  may  judge  for  yourselves  what  va 
of  structure  the  selfsame  piece  of  steel  may  be  made  to  a 
The  results  of  the  experiments  are  given  in  the  following  ta 


Ultiiniite 

Strength, 

in  tons  per 

square  inch. 

UHimate 
Extension. 

Diameter  of 
Specimen. 

D 

lU 

per< 

ini 

U 

81 

do 

• 

Ist.  Unforged  specimen  .     .     . 

!2nd.  YigoroiiBly  forged  spedmen 

3rd.  Not  foreed,  but  made  finely^ 
granmar  by  heating   .     ./ 

Tons. 
34-8 

41-5 

38-7 

0023 
0053 

0166 

Inch. 
0-885 

0-85 
0-63 

In 

1 

I  must  also  remark,  that  on  the  fractured  surface  of  th( 
sample,  as  you  may  observe  for  yourselves,  there  is  a  spot  * 
occupying  about  one-sixth  of  the  area,  which  was  undon 
the  cause  of  premature  fracture,  for  the  appearance  of  tiie  i 
clearly  shows  that  it  began  at  that  spot. 

In  order  to  establish  the  propositions  I  have  advanced, 
of  course  be  necessary  to  institute  a  complete  series  of  experii 
As  regards  trials  by  bending  and  breaking  nnder  the  hi 
an  immense  number  of  experiments  have  convinced  me 
vx)rrectne8s  of  my  views. 

From  what  has  been  said  above,  you  must  have  peroeivi 
the  whole  point  lies  in  the  structure  of  the  steel,  and  tl 
successful  forging  the  heated  ingot,  after  it  is  taken  out 
furnace,  must  be  forged  as  quickly  as  possible,  so  as  to  k 
sjx)t  untouched  by  the  hammer,  no  spot  in  which  the  steel 


1875.    Since  the  above  was  written,  nnmeioas 

Works  have  fully  demonstrated  the  truth  of  my  Tiews! 


experimenta  at  the  Al 
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OTBtallise  quietly,  because,  as  I  Have  said,  the  heated  piece  of 
iteel  most  be  considered  in  an  analogous  condition  to  a  saturated 
nhtion  of  a  strongly  crystallising  salt,  which,  the  moment  it  is 
illowed  to  cool  quietly,  develops  large  crystals.  (I  repeat  that 
tlus  has  reference  to  temperatures  higher  than  6.) 

To  show  how  great  is  the   tendency   to  crystallisation   in 

steel  heated  up  to  a  high  temperature,  and  allowed  to  cool  quietly 

eren  for  a  short  time,  I  have  brought  some  specimens  by  which 

joa  Cin  judge  of  this  tendency.    The  larger  specimen  was  obtained 

under  the  following  circumstances  :  an  ingot  of  soft  steel  prepared 

bt  forging  was  allowed  to  remain  in  the  furnace  for  half  an  hour 

ifier  it  had  been  heated  to  a  bright  orange  heat,  because  the 

hunmer  was  occupied  by  another  forging.     But  in  order  not  to 

overheat  the  ingot,  the  smith  reduced  the  temperature  of  the  furnace, 

«nd  graduaUy  let  down  that  of  the  work  to  a  bright  red.     If  you 

wQl  now  call  to  mind  what  I  have  said  about  the  tendency  of  steel 

to  crystallise  in  cooling  between  the  temperatures  c  and  &,  you 

will  readily  believe  that  during  this  half-hour  the  ingot  had  time 

to  (dumge    its    internal    structure   from  the  amorphous  to  the 

crystalline,  a  change  which  was  greatly  assisted  by  the  extreme 

softening  it  had  undergone  at   the  higher  temperature,   which 

presented  favourable  conditions  for  the  movement  of  the  particles 

within  the  mass.    As  soon  as  the  hammer  was  at  liberty,  the  ingot 

Wis  taken  out  of  the  furnace,  and  placed  on  the  anvil ;  with  the 

^  first  blow  on  its  middle,  the  end  of  the  ingot  tumbled  off  from 

^  effects  of  the  concussion ;  the  form  of  the  fracture  you  can  see 

^  the  first  specimen  before  you.    The  remaining  samples  are  taken 

^  other  ingots  under  similar  circumstances,  and  they  all  show 

howrtronglythe  crystals  have  developed  themselves;  and,  moreover, 

^crystal  seems  to  have  formed  itself  in  an  independent  manner, 

^tii  80  little  oohesion  to   the   neighbouring   crystals  that   one 

•™ck  was  sufficient  to  separate  them,  and  allow  the  overhanging 

P^  to  detach  itself  by  its  own  weight.  The  specimens  show  that 

f^actorehas  taken  place  only  along  the  surfaces  of  the  crystals, 

^  nowhere  through  the  body  of  them. 

2  B 
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It  might  bo  concluded  from  the  incident  above  described  thil 

the  ingot  was  completely  spoiled,  and  could  not  be  forged  agaii 

Bnt  snch  a  conclusion  would  be  quite  erroneous.    It  is  troe  thi 

the  higher  the  temperature  of  the  steel,  the  more  susceptible  is : 

to  the  action  of  the  furnace  gases,  and  the  quicker  it  changeei 

chemical  condition,  so  that  if  kept  at  a  high  temperature  in  tl 

furnace  it  will  gradually  lose  its  carbon  and  be  slowly  oonyerb 

into  iron  (burning).     The  example  I  have  cited  however  is  od 

a  case  of  overheating ;  and  in  order  to  know  how  to  correct  t 

mistake  made  wo  must  turn  to  the  conditions  of  crystaUisation. 

Let  us  again  take  the  beaker  of  melted  alum.      Suppose  1 

melting  point  to  be  t^,  and  that  the  solution  was  further  heated 

to  ti  under  which  operation  it  would  continue  liquid.     Let  1 

temperature  fall  gradually,  keeping  the  solution  perfectly  qui 

then  we  shall  find  that  at  some  temperature  t  between  t^  and  (,  1 

salt  will  begin  to  crystallise ;   but  it  is  only  necessary  to  slu 

up  tho  solution  to  make  the  crystals  dissolve  again  at  the  sa 

temperature  L     We  shall  notice  also  that  there  is  scarcely  a 

cohesion  between  the  separate  crystals  so  formed ;  and  if  we 

not  wish  to  disturb  their  mutual  relations,  we  shall  have  to  all 

the  crystallising  solution  to  cool  below  the  temperature  t^  J 

then  by  a  second  heating  up  to  t^  we  should  again  receive  a  fl" 

mass.     The  same  result  would  be  obtained  by  a  simple  m 

increase  of  temperature  ;  the  difference  lies  in  this,  that  the  liq 

produced  from  the  destruction  of  the  incipient  crystals  in 

three  cases  stated  has  three  distinct  temperatures.    Applying  \ 

reasoning  to  steel,  it  is  easy  to  see  that,  in  the  case  cited, 

temperature  of  the  ingot  should  have  been  raised  again  be 

forging,  so  as  to  impart  to  it  an  amorphous  structure ;  it  sIk 

then  have  been  quickly  and  unceasingly  forged  all  over  its  er 

while  the  temperature  was  lowering  somewhat,  and  the  tendi 

to  crystallisation  decreasing.   Or  the  particles  that  had  commei 

to  crystallise  might  have  been  brought  into  a  motion,  oarrespoiii 

to  the  shaking  of  the  beaker,  but  very  carefully,  so  that 

crystals  formed  should  not  fall  to  pieces;   Le«  the  ingot  n 

have  been  hammered  with  the  very  lightest  blows;   and 
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temperature  being  higher  than  6,  the  crystals  wonld  have  run 
into  each  other,  the  ingot  would  have  assumed  the  amorphous 
condition,  after  which  it  might  have  been  worked  like  a  piece 
of  wax. 

It  is,  of  course,  better  under  such  circumstances  to  allow  the 
OTolieated  ingot  to  cool  quietly,  then  to  heat  it  again,  taking  care 
not  to  allow  the  temperature  to  rise  too  high  and  give  the  mass 
«a  opportunity  of  again  changing  the  restored  amorphous  condition 
to  a  crystallised  one ;  the  forging  will  then  not  require  any  special 
precantions,  and  the  ingot  will  not  tumble  to  pieces. 

I  now  present  you  with  one  of  many  instances  of  the  spoiling 
of  lirgo  steel  ingots  from  the  causes  I  have  been  explaining,  and 
proceeding  fix)m  a  thorough  ignorance,  on  our  part,  of  the  material 
^th  which  we  are  working. 


On  cutting  off  the  end  of  a  shaft  25  inches  diameter,  the 
*U[e  a  h  was  met  with  in  the  position  indicated  on  the  sketch, 
fko  dotted  lines  show  the  form  of  the  forging  before  the  neck  was 
tamed.  The  walls  of  the  cavity  were  lined  with  large  well- 
^c^'doped  crystals,  the  size  of  some  of  which — as  you  may  see  by 
^  specimen  before  you— reached  ^  inch,  and  between  the  large 
®y»tal«  were  interposed  smaller  ones  about  ^^  inch  diameter ;  the 
^'ystils  projected  only  half  their  height  into  the  cavity,  and  on 
teildng  the  sample  at  right  angles  to  the  crystalline  surface,  the 
FoWgation  of  the  crystals  into  the  mass  of  steel  could  not  be 
^'•oed;  the  fracture,  though  crystalline,  was  of  a  totally  different 
^^•*we  from  that  forming  the  surface  of  the  cavity,  and  similar  to 
tlat  of  the  mass  of  the  ingot  in  the  same  neighbourhood.  The 
"^^^  of  the  walls  of  the  cavitj  had  a  clear  unoxidisod  me\A)2[!ii(^ 
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appearance,  with  a  silvery  lustre,  as  you  see  by  tlie  sp 
The  ingot  out  of  which  this  shaft  was  forged  was  overhei 
the  manner  I  have  described,  and  taken  out  of  the  fumao 
the  crystals  had  already  begun  to  form.  At  the  first  b 
the  hammer  on  its  end  the  part  c  which  received  the  in 
of  the  blow  was  separated  from  the  mass  on  account  of  t] 
of  cohesion  caused  by  the  crystallisation,  and  formed  the 
inclined  plane  ah;  and  as  the  forging  proceeded,  the  outei 


being  more  acted  on  by  the  blows,  were  more  extended, 
cavity  considerably  increased.  The  fiact  that  on  striking 
of  an  ingot  the  force  of  the  blow  is  taken  up  by  the  wedgi 
piece  c  may  be  easily  demonstrated  to  the  eye,  because  ; 
places  where  swelling,  compression,  or  tension  follows  tl: 
of  a  hammer,  a  dark  shade  is  soon  produced  by  the 
detachment  of  thin  plates  of  scale.  The  same  result 
arrived  at  by  an  analytical  investigation  of  the  effc 
blow  on  c. 

The  appearance  of  the  crystallised  surface  of  the  speoin 
you  see,  completely  analogous  to  that  of  every  other  spec 
overheated  steel ;  the  difference  lies  only  in  this,  that  the 
is  not  oxidised,  because  the  air  could  not  penetrate  into  th< 
while  the  shaft  was  in  a  heated  state. 

It  is  worthy  of  remark,  that  if  a  piece  of  steel  be  so 
overheated  as  to  assume  a  strongly  crystalline  structi 
become  liable  to  destruction  at  the  least  shock,  and  be  al 
cool  quietly,  then  the  separate  crystals,  if  they  have  i 
separated  by  external  forces  while  in  a  heated  state,  b( 
joined  or  grown  together  that  the  fracture  of  the  oold  pic 
place,    not    along    the    surfaces  of   the   separate    crysi 
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Ddiftientlj  thiomgli  their  maas,  tlioagh  the  junotions  of  the 
fiiclans  of  individual  orystahi  generally  take  place  along  their 
.fltMBof  adharion^  owing  to  which  such  fracture  ia  alwaya  very 
Ridding. 

FroDi  this  it  ia  evident  that  the  cloae  contact  of  two  aurfacee  of 
Mtala  of  the  aame  nature  heated  to  a  higher  temperature  than  6 
k  wflSciflpt  to  produce  unions  Thia  ia,  in  fact,  welding ;  and  if, 
b  vdding,  hanunering  ia  alwaja  neceeaary,  it  ia  only  becauae,  in 
the  first  place,  it  ia  very  difficult  without  hammering  to  preaa  two 
pMoes  one  againat  the  other;  and  secondly,  that  it  ia  otherwise 
difficult  to  free  the  surfaces  to  be  welded  from  the  slag  which  alone 
piotects  them  from  oxidation  during  the  heat.  Of  course  the 
noie  homogeneouB  or  analogous  the  structure  of  the  two  pieces, 
^more  perfect  will  be  the  union;  but  one  of  the  first  conditions 
k  that  there  should  be  the  fullest  contact  between  the  unoxidise4 
Millie  amrfaeee. 

Up  to  the  present  we  have  been  discussing  the  forging  of  steel 
ttdj  at  temperatures  higher  than  the  point  6,  and  we  have  stated 
tW  the  aim  of  the  forge-maater  must  be  to  change  the  form  of  hia 
in^Dt  ia  such  manner  aa  to  keep  all  its  particles  i^  constant 
x^otjon,  and  ao  hinder  the  formation  of  crystals,  which  materially 
lover  the  tenacity  of  the  ateel.  Let  ua  now  see  what  circumstances 
*nid  in  forging  below  the  temperature  b. 

The  fiactare  of  a  piece  of  cast  ateel  preaenta  a  rough  aurface 
ttiiiitiDg  of  gvofupa,  aa  it  were,  of  crystalline  d^biia  (ao-called 
piba)  piled  cme  on  another,  and  generally  of  a  very  irregular  form. 
C>ier  the  microBcope  it  ia  eaay  to  see  conaiderable  interstices 
^^tveen  the  groups  of  grains,  and,  on  more  minute  examination, 
ipMei  may  be  observed  between  the  grains  themselves,  which  form 
vitkeach  other  various  interlacinga  and  combinationa.  In  a  word, 
M,iader  the  m&croacope,  haa  a  more  or  less  porous  structure,  at 
fint  aght  deetructive  of  any  belief  in  the  tenacity  ascribed  to  it. 
Tbns  will  not  permit  me  to  enter  into  details  relating  to  the 
WMttoe,  aiie»  and  arrangement  of  the  grains ;  it  answers  my 
Pupoie  amply  to  draw  attention  to  the  fact  that  among  the  grains 
w  iteel  there  are  numerous  vacant  spaces — pores.    The  question 
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arises :  wliat  becomes  of  these  pores  when  the  steel,  heing  lieited 
tip  to  the  temperature  (,  acquires  the  amorphous  conditioii?  In 
all  probability,  during  the  rise  of  temperature  fitnn  o  to  i,  tbfi' 
expansion  of  each  individual  grain  (formerly  in  itself  a  compact 
body)  goes  on  incomparably  &ster  than  the  increase  of  iheexismM> 
dimensions  of  the  piece  of  steel,  so  that  the  period  at  which  ^ 
assumes  the  amorphous  condition  coincides  with  the  moment  wh^- 
the  atoms  composing  the  individual  grains,  moving  away  fro^ 
each  other  under  the  influence  of  heat,  fill  up  these  spaces ;  it  ^ 
therefore  conceivable  why  steel  becomes  at  this  stage  incompresribl 
— why  it  is  impossible  to  increase  its  density  by  hammering,  m 
matter  how  heavy  the  blows  may  be. 

It  is  evident  from  the  above  -reasoning  that  if  we  wish  t 
increase  the  density  of  steel,  to  approach  its  component  grains  ti 
each  other  and  so  bring  them  to  a  more  energetic  cohesioD,  vn 
must  do  so  when  not  opposed  by  the  foroe  of  heat,  that  is,  only  a1 
temperatures  below  the  point  (. 

Thus,  forging  at  temperatures  below  the  amorphous  conditioi 
has  the  important  advantages  we  are  in  the  habit  of  ascribini 
to  it.  We  never  forge  large  ingots  below  the  temperature  o 
amorphous  structure,  and  guns  never  were  and  never  are  forgei 
below  that  point,  because  for  gun  steel  it  lies,  as  I  have  alread; 
stated,  at  a  dull  red  heat,  that  is,  within  limits  below  whidi,  wit 
the  mechanical  means  at  our  disposal,  we  can  produce  no  effect  0 
large  steel  masses.  It  would  be  necessary  to  forge  small  ing^l 
under  our  largest  hammers,  and  what  an  exhibition  of  inadequal 
mechanical  appliances  would  be  presented  if  a  4-pounder  gun  wei 
forged  under  a  35-ton  hammer !  The  practice  now  is  to  forge  th 
4-pounder8  under  the  3-ton,  and  sometimes  the  5-ton  hammeo 
while  the  35-ton  hammer  is  used  for  the  6-inch,  8-inch,  and  9-inG 
guns,  in  which  the  diameter  of  the  cast  ingot  reaches  up  to  4 
inches ;  but  if  you  picture  to  yourself  such  a  large  mass  of  sie< 
heated  to  a  non-sparkling  red  heat,  you  will  perceive  that  tfa 
utmost  efforts  of  the  heaviest  hammer  would  remain  inoperative- 
it  would  be  impossible  to  forge  it. 
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ToTffng  18  carried  on  at  points  below  the  amorphous  condition, 
bit  it  is  qdIj  in  very  small  pieces,  and  by  those  who  have  some 
howledge  of  the  influence  of  heat  on  steel. 

If  a  oast  ingot  of  any  given  structure  is  heated  not  higher  than 

Ae  pomt  &,  then  in  its  heated  state  it  will  retain  its  structure. 

If  it  was  crystalline,  then  in  a  heated  state  it  would  be  composed 

of  the  same  crystals,  which    however  would    be  considerably 

afteDocL    If  the  piece  of  steel  be  forged  in  this  condition,  then  its 

c^itals  or  grains,  being  driven  against  each  other,  will  change 

tkeir  ihapes,  becoming  elongated  in  one  direction  and  contracted 

m  another,  and  the  increase  of  density  becomes  so  considerable 

tkat  I  have  found  the  specific  gravity  rise  as  high  as  8,  which  I 

kve  never  yet  found  in  steel  forged  at  temperatures  higher  than 

i  This  comparatively  cold  forging  communicates  to  the  metal 

gnat  deamess  of  ring,  it  is  no  longer  so  easily  worked  with  the 

fkf  weak  snlphuric  acid  produces  hardly  any  effect  on  it,  and 

Man.    With  regard  to  its  absolute  tensile  strength,  I  regret  very 

feQch  that  I  have  been  unable  to  make  any  experiments ;  but  there 

M  be  no  doubt  that  it  is  very  high. 

The  fracture  of  such  steel  has  a  silky  lustre,  and  under  the 

Aiooaoope  it  is  very  difficult  to  trace  the  limits  of  the  individual 

pibs;  they  present  the  appearance  of  whole  groups  of  waxy 

Ktde  \Mm  squeezed  together  under  a  powerful  press.    If  you 

9i  off  and  polish  the  surface  of  a  piece  of  steel  so  treated,  and 

ttn  immerse  it  in  weak  sulphuric  acid,  after  a  time  a  pattern 

yiU  bnn  on  the  surface,  which  presents  the  appearance  of  an 

^B^KoIar  interlacing  of  crooked  lines,  the  size  of  the  network 

^hpending  on  the  original  size  of  the  crystals,  the  manner  of 

tipikg,  and.  so  on.    I  have  already  stated  that  the  tendency  to 

^itaQiaation,  as  well  as  the  form  of  the  crystals  and  their  relative 

(Mt&mB,  depends  on  the  purity  of  the  steel,  and  the  conditions 

iBidttirluch  the  cast  ingots  are  poured  and  cooled.    In  the  higher 

V>Htie»  of  •  boulat,'  the  tracery  developed  by  acid  is  of  remarkable 

••'^^y  «nd  regularity. 

^  cause  of  the  patterns  appearing  is  the  various  groupings 
<A  the  ctyetals  during  their  formation.    These  crystals  have  not 
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1)V  flu'  airtioii  of  ;ici<ls.  From  wli;it  hiis  Loei 
ovnsn  t'f  tlii.s  must  now  Ix*  <jiiitt'  j»laiii,  and  I  i 
any  longer. 

In  conclusion,  I  will  sliow  in  what  manner 
cast-steel  ingot  may  be  best  taken  advantage  o: 

With  respect  to  forging  at  temiwratures  b< 
condition,  wo  can  only,  as  I  liare  already  stated 
guns  tinder  the  largest  hammers.  We  have  at  pr 
capable  of  dealing  with  large  masaes  at  low 
if  it  were  possible,  there  can  be  no  donbt  t 
would  be  of  the  very  best  quality,  and  their 
sorvico  would  be  facilitated  by  the  appearan 
brought  out  by  weak  acids,  because  of  the  closi 
I  ,;•  eiists  between  the  quality  and  the  appearaBce  oi 

To  adapt  ourselves  to  the  means  possessed 
we  must  strive  to  obtain  our  material  an  much  ; 
grained  structure ;  and  with  this  view  it  is  ne 
already  seen,  to  heat  the  ingots  to  a  high  tempc 
forging  them  until  they  cool  down  below  the  ten; 
by  so  doing,  we  shall  be  giving  the  work 
and  at  the  same  time  prevent  its  structure  be< 
but  rather  make  it  approach  the  amorplious  con 
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titer  its  strnctoie  to  the  homogeneous  amorphous  condition  by 
iwtiiig  it,  and  then  fix  that  condition  by  rapid  cooling  to  a 
toBpeatiire  lower  than  6.  For  this  purpose,  it  is  of  course 
Mwwaiy  to  surround  the  ingot  after  heating  by  some  rapidly 
onling  medium. 

From  what  has  been  said  above,  it  is  evident  that,  with  the  same 
nte  of  cooling,  we  shall  fix  the  amorphous  condition  of  the  steel 
vitt  the  greatest  certainty  when  we  exceed  the  temperature  6  as 
Sttk  as  possible ;  and  for  that  reason  it  is  well  to  determine  that 
inperatare  for  each  ingot  beforehand. 

Haying  therefore  heated  the  finished  forging,  or  better  still,  the 
lOQgh  turned  and  bored  gun,  to  a  temperature  somewhat  higher 
ftin  i— a  point  which  ought  to  be  determined  by  the  pyrometer — 
ht  it  then  be  plunged  as  quickly  as  possible  into  the  cooling 
Meiinm,  be  it  water,  oil,  or  what  not ;  and  having  reduced  the 
tBBBperature  of  the  work  to  below  the  point  h,  allow  it  to  finish 
vxding  gradually,  so  as  to  prevent,  as  far  as  possible,  internal 
i^nins  due  to  sudden  and  unequal  contraction. 

To  show  what  changes  may  be  produced  in  the  structure  of 

*W  by  the  operations  described,  I  lay  before  you  three  specimens. 

Asf  are  all  broken  from  the  same  piece  of  steel.    The  first 

fttimen  exhibits  the  coarsely  crystalline,  porous  structure  that 

«icterised  the  ingot,  notwithstanding  that  it  was  well  worked 

iBder  the  35- ton  hammer.    The  second  sample  was  heated  to  a 

little  above  a  bright  red  non-sparkling  heat,  and  then  allowed  to 

^  b  the  open  air.    Comparing  the  fractures  of  these  two  pieces, 

P^  perceive  the  structure  is  totally  different,  though  offering  one 

•Ace  to  the  other  proves  by  the  fit  that  the  two  pieces  were  at 

^  time  united,  and  that  neither  piece  has  been  touched  by  the 

*ouner  since  they  were  broken  asunder.     The  third  fragment  of 

4ei«me  piece  was  heated  to  a  bright  red  heat,  and  then  quickly 

Jl^nged  into  water,  and  left  till  the  temperature  sank  to  a  reddish- 

*owii  heat;  it  was  then  taken  out  and  allowed  to  cool  in  the  open 

^*  The  fracture  shows  that  on  the  external  surfaces,  for  a  depth 

^0*1  inch  the  a^morphous  condition  has  been  completely  preserved. 

« the  centre  of  the  piece  the  mean  diameter  of  the  grains,  as 
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A  siniiliir  cxpcrinieiit  was    made  with  the  tire  of 
wagou  wIk'uL      a  [ticco  ul' an  ordinary  tire  was  Lrokeu 
hammer  into  three  pieces.     One  of  them  was  heated  to  i 
and  then  thrown  on  the  floor  to  cool  in  the  open  air  to  tl 
temperature.      It  was  then  put  under   the   5-ton   ha 
required  four  heavy  blows  to  break  it,  whereas  the  first 
under  one  blow  of  the  same  hammer.  .  The  third  piece 
a  bright  red  heat,  plunged  it  quickly  into  water,  and 
again  when  cooled  to  a  reddish-brown  heat,  and  then  fo 
required  five  heavy  blows  of  the  5-ton  hammer  to  breal 

Therefore  I  say  that  in  order  to  fix  the  amorphou 
and  thereby  to  increase  the  tenacity  of  steel,  it  is  o 
plunge  it,  after  heating,  into  water.  It  may  be  coc 
but,  in  the  first  place,  this  is  expensive,  and,  in 
numerous  precautions  have  to  be  taken  to  prevent  the  c 
fire.  With  respect  to  cooling  in  water,  I  must  ad< 
conductivity  of  hot  metal  is  very  small,  and  that  al 
external  visible  parts  soon  show  the  desired  fall  of  U 
yet  the  central  portions  remain  very  much  hotter;  i 
I      S  requires  care,  experience,  and  many  precautions  to  av 

rapid  cooling  of  the  outer  layers,  and  the  consequent  d 
of  severe  internal  strains. 
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It  follows,  from  the  principles  laid  down,  that  any  steel  article 
bftfing,  from  constant  work  and  concussion,  lost  its  original 
itrength,  that  is,  assumed  a  crystalline  structure,  as  happens  to 
wigon  axles,  engine  shafts,  &c.,  can,  by  the  help  of  the  process 
abore  deflcribed,  be  completely  restored  by  having  communicated 
to  it,  if  not  an  amorphous  structure,  at  least  one  so  finely  grained 
tt  to  be  nearly  equal  to  it,  and,  at  the  same  time,  a  compactness 
and  tenacity  it  very  likely  did  not  possess  when  newly  taken 
into  lervice. 

I  troet  that  you  will  now  find  it  easy  to  understand  the 
Qinunstanees  and  facts  which  I  brought  under  your  notice  at  the 
commencement  of  this  Paper. 

I  have  heard  with  pleasure,  from  a  friend  just  returned  from 
^land,  that  at  the  Woolwich  Areenal  they  have  adopted  the 
pnctioe  of  heating  their  steel  gun  linings,  after  forging  and  rough 
^vning,  and  plunging  them  into  oil :  he  was  unable  to  give  me 
a&7  details  of  the  operation,  as  he  only  noticed  it  in  passing,  but 
4e  object  of  the  treatment  was,  he  ascertained,  to  give  the  steel 
greater  tenacity.  It  is  possible  that  I  may  soon  obtain  information 
n  to  the  reasoning  which  led  to  the  adoption  of  this  practice, 
•nd  I  shall  be  exceedingly  pleased  if  I  find  it  is  based  on  theories 
*Q&3ar  to  those  I  have  had  the  honour  of  laying  before  you  this 
^y.  With  respect  to  the  doctrines  I  have  been  advocating,  I  have 
^  aocnsed  of  being  too  bold  in  my  conclusions ;  but  I  am 
P'^cpu^  to  take  a  still  more  decisive  step,  and  to  announce  the 
^^inion,  resulting  from  my  observations,  that  "  future  investigation 
into  the  question  of  forging  steel  will  not  deviate  from  the  path 

• 

into  which  we  have  this  day  directed  it." 
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^utitntm  d  gtwjanwal  d^ngineers. 


PEOCEEDINGS. 


AT7GT78T   1880. 


The  BuMMSB  Meeting  of  the  Instihition  was  held  at  Barrow-in- 
Fnmeas,  commenciiig  Tuesday,  3rd  August,  at  10  a.m.  The 
Presideiit,  Edwabd  A.  Cowpss,  Esq.,  and  the  Members  of  the 
I]i8:dtation  were  received  in  the  Town  Hall  by  the  Mayor  of 
Barrow,  Edwabd  Wadham,  Esq. 

The  Matob,  in  the  name  of  the  authorities  of  Barrow,  begged 
Tery  heartily  to  welcome  the  Institution  of  Mechanical  Engineers  to 
the  town  of  Barrow.  He  trusted  the  Members  of  the  Institution 
would  see  some  things  that  would  interest  them;  and  felt  quite 
certain  that  the  inhabitants  of  Barrow  would  themselves  derive 
great  benefit  from  the  information  which  they  would  gain  by  the 
papers  to  be  read,  and  from,  the  opportunity  afforded  them  of 
—Bociating  with  so  many  men  of  learning  and  science. 

The  Pbuident,  on  behalf  of  the  Institution,  wished  to 
acknowledge  the  kindness  of  the  authorities  of  the  town,  in  giving 
the  present  invitation,  which  had  been  accepted  with  very  great 
pleasore  by  the  Council  of  the  Institution.  The  members  present 
would  have  the  opportunity  of  seeing  the  numerous  manufacturing 
lb  aperations  which  were  carried  on  at  Barrow,  and  he  had  no  doubt 
Htmt  the  visit  would  be  to'  the  mutual  advantage  and  pleasure  of  alL 


Tlie    Chair    was   then    taken    by  the    President,  Edwabd  A. 

COWFKB,   Esq. 

The  Minutes  of  the  last  Meeting  were  read,  approved,  and  signed. 
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ELBOnON   OF  NEW  MKMBSB8. 


AUGCnlt 


The  Pbxsident  announced  that  the  Ballot  Lists  had  been  opa 
by  a  Committee  of  Council,  and  that  the  following  New  Menib 
Associate,  and  Graduates,  were  found  to  be  duly  elected : — 


HEHBEBS. 

William  Henbt  Bell, 

William  Bow, 

Daniel  Campbell, 

Oeobge  Dundas  Chubohwabd,  . 

Chablbs  Edwabd  Cowpeb,    . 

John  Dodd,      .... 

Fbedbbio  Eliot  Dttckham,    . 

Samuel  Geoghegan, 

Chables  Gill, 

Alexandbe  Gottsohalk,    . 

James  Gbesham,  . 

James  Hobnsby, 

William  Hobnsby, 

Emil  Kbssleb, 

Michael  Lonqbidge, 

John  MoLaohlan,    . 

BoBEBT  Augustus  Oldham,    . 

Thomas  Obmiston,   .  & 

Thomas  Boutledge, 

BlOHABD  SOHBAM, 

Geoboe  Staffobd,   .     . 
William  Henbt  Thobnbeby,  Jun., 
William  Andbew  MoIntosh  Valon, 


ASSOOIATE. 


David  Henbt  Haggie, 


gbaduates. 
Hebbebt  Bibkett, 
Thomas  Smith  Bbight, 
Walteb  Saundbbs  Patebson, 


LiverpooL 

Paisley. 

London. 

Dover. 

London. 

Oldham. 

London. 

Dublin. 

Java. 

Paris. 

Manchester. 

Grantham. 

Grantham. 

Esslingen. 

Manchester. 

Paisley. 

London. 

London. 

Sunderland. 

London. 

Nottingham. 

Birminghim. 

Kamsgate. 


Sunderland. 

Dartford. 

Oannarthen. 

London. 
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FusiDiRT  had  great  pleasure  in  annoancing  several 
)  Bonatiozia  to  the  Library,  and  hoped  that  there  woold 
created  interest  felt  in  making  this  a  really  yaloable  library 
Qoe.  It  was  rapidly  becoming  so,  and  with  the  help  of  the 
»f  the  Institntion  he  believed  it  would  be  of  great  value  to 
berg.  It  contained  some  important  works  which  were  very 
nd  difBoult  to  obtain;  and  a  number  of  good  scientific 
rere  being  gradually  accumulated.  The  first  of  these 
B  was  one  of  Ten  Guineas  from  the  Auditor,  Mr.  B.  A. 
The  second  donation  had  been  presented  by  Messrs. 
Brothers,  the  owners  of  the  Institution  offices  in  Victoria 
Testminster,  and  consisted  of  a  nearly  complete  set  of  the 
agB  of  the  Institution  of  Civil  Engineers.  The  third  was 
nal  parliamentary  plan  of  the  Liverpool  and  Manchester 

given  by  Mr.  G.  B.  Bonnie.  He  was  sure  the  members 
d  that  their  thanks  were  due  to  these  gentlemen,  and  to  all 
I  added  to  the  value  of  the  library. 


PaisiDEirT  said  there  was  one  other  matter  to  which  he  had 
It  was  of  a  somewhat  painful  character,  and  he  was  sorry 
o  notice  it,  but  the  Council  decided  that  it  could  not  be 
rer.  One  gentleman,  not  a  member  of  the  Institution,  had 
0  add  to  his  name  *'  M.  I.  M.  E/'  which  of  course  meant 
r  of  the  Institution  of  Mechanical  Engineers,"  though  the 
did  not  habitually  use  those  initials.  His  name  was 
P.  Burgh.  He  had  been  written  to  on  the  subject,  and  ho 
d  that  the  letters  did  not  mean  **  Member  of  the  Institution 
ideal  Engineers,"  but  ^'  Member  of  the  Institution  of  Marine 
8."  He  (the  President)  believed  there  was  a  small  sociefy 
Hne.  « 


f&iaiDMT  then  read  his  Address  as  follows : — 


2  oQ^ 


812  ^^ 


ADDEE8S  OF  THE  PEESIDENT. 


Gentlemen — I  do  not  propose  on  the  present  occasion  to 
yon  with  any  long  history  of  the  progress  of  Mechanical  Engii 
as  you  have  had  at  previous  meetings  more  or  less  complete  i 
of  such  progress,  and  particularly  as  yarious  matters  press  thei 
very  urgently  on  our  notice  at  the  present  time,  and  dam 
appears  to  mo,  very  serious  reflection  on  our  part.  I  allude  of 
firstly  to  the  very  great  and  general  depression  in  trade  tli 
now  held  its  dull  course  for  years ;  and  secondly  to  the  m( 
our  power  that  are,  or  are  not,  being  taken  advantage  of^  to  p 
the  manufactures  and  commerce  of  the  countiy. 

Now,  I  am  not  one  of  those  who  would,  for  a  single  momenl 
of  sitting  quietly  with  one's  hands  before  one,  and  sayiQ 
"  foreigners  choose  to  do  the  work  which  we  have  been  in  tb 
<<  of  doing  exclusively  for  many  years,  and  thus  take  away  om 
**  wo  cannot  help  it,  as  we  cannot  prevent  them  from,  becoming 
"  educated  in  manufacturing  arts  than  they  were." 

But  let  us  examine  the  situation  frankly  and  fully,  and  i 
reasons  of  the  changes  that  have  undoubtedly  taken  place;  a 
shall  find  that  one  of  the  primary  causes  consists  in  ih 
(which  I  ventured  to  allude  to  on  a  previous  occasion)  that  < 
the  thirty  years'  war  on  the  Continent  very  little  atfe 
comparatively  speaking,  was  given  to  manufacture,  becaa 
populations  wore  much  engaged  in  preparing  for  figliiiwg;,  i 
actual  warfare,  and  in  tilling  the  ground  for  a  bare  subBStenott 
before  considering  the  present  era,  let  us  glance  (and  ghuM 
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it  the  &ct,  that  in  bygone  times  it  was  much  the  fashion,  if  some 
iupmons  engineer  were  required  for  a  special  work,  such,  for 
itttuoe,  as  making  a  dock,  or  a  bridge,  draining  fens,  or  other 
poUio  works,  to  call  in  a  Datchman,  or  an  Italian,  or  other  foreigner ; 
»  tbt  we  most  not  say  that  in  those  days  England  always 
prodooed  jost  the  men  that  were  wanted,  though  for  a  very  long  period 
lov,  I  am  thankful  to  say,  the  first  engineers  in  the  world  have 
ken  prodnced  in  this  oountiy . 

I  merely  mention  this  fact  at  starting,  in  order  forcibly  to  keep 
IB  fiew  the  changes  that  can  and  do  take  place  in  the  supply  of  the 
tdant  necessary  for  public  works,  and  for  the  yigorous  prosecution 
tf  fte  manufactures  and  commerce  of  a  country. 

likink  it  is  advantageous  and  wholesome  for  us  sometimes  to 
mk  around,  and  to  examine  and  reflect  on  what  has  made  this  countiy 
h  mannfacturing  and  successful  country  that  it  is,  and  what  is 
lov  wanting  to  enable  us  to  continue  to  hold  that  proud  position 
leendy. 

lam  well  aware  that  some  thinking  men  consider  that  technical 
ifaitioD,  such  as  is  given  in  Germany,  is  what  is  wanting  in 
Uleoantry ;  and,  although  I  think  much  more  than  this  is  needful, 
^gbe  all  honour  to  the  earnest  men  who  are  striving  to  promote 
iMUeal  education  in  London,  and  in  all  the  large  cities  .and  towns  of 
BB^kiid.  I  need  hardly  mention  the  name  of  Mr.  Bramwell,  your 
hit-Pnsideiit,  and  the  leading  men  in  some  of  the  richest  City 
{dJB,  as  amongst  the  most  forward  in  this  good  work ;  there  being 
^  about  £12,000  a  year  spent  in  this  cause,  besides  large  sums 
Bit  have  been  given  to  inaugurate  the  schools. 

Boi^  at  the  risk  of  my  being  said  to  repeat  a  matter  that  I 
*>ituoed  when  I  had  the  honour  of  taking  this  chair,  I  do  most 
^fliiticaUy  call  the  attention  of  manufacturers  generally  throughout 
k  eoBDtry  (not  of  mechanical  engineers  only)  to  the  advantages 
^  they  would  reap,  if  they  generally  and  systematically  threw 
^  enterprise  into  their  business,  and  showed  greater  interest  in 
I'^'Bikigating  and  adopting  new  improvements  in  manufactures. 

I  win  attempt  to  illustrate  my  meaning,  and  to  cite  a  few 
'^■iflai  iof  real  enterprise,  and  the  immense  effects  they  have  had 
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ou  the  mannfactnro,  tlie  commerce,  and  the  very  pomtion  d 
couniiy  amongst  nations. 

Take  for  instance  the  new  mann&otnre  which  has  made 
important  town,  and  is  its  chief  industry,  (and  is,  in  fust, 
canse  of  our  being  assembled  here  to-day).  I  allude  of  com 
the  Bessemer  manufacture;  and  one  reason  why  I  call  it 
Bessemer  manufacture"  is,  that  we  owe  to  its  author  not 
the  invention,  but  also  the  introduction  of  the  steel,  when  made 
tho  market.  For  it  is  well  known  that  manufacturers  had  m 
enterprise  to  take  up  the  invention  and  prosecute  it  to  a  p 
success,  until  Sir  Henry,  then  Mr.  Bessemer,  and  certain  capiti 
had  spirit  enough  to  go  into  the  business ;  when,  with  the  fi 
assistance  of  Mr.  Mushet's  manganese,  it  was  soon  an  accompl 
fact,  that  good  steel  could  be  made  in  inmiense  quantities  at  i 
altogether  unheard  of  before.  Hero  we  see  gentlemen,  altoj 
outside  the  trade,  giving  the  country  an  essentiaUy  good 
and  providing  work  for  thousands  of  our  artisans.  The  introdi 
of  the  Siemens  process,  for  very  mild  steel,  also  deserves  es. 
notice,  and  the  steel  is  in  great  demand.  I  believe  it  is  to 
efforts  as  these,  and  to  such  enterprise  as  we  shall  see  devc 
hero  at  the  Steel  Works,  the  Shipbuilding  Works,  the  Dock 
Juto  Works,  ^c,  that  we  may  look  for  the  retaining  and  incn 
of  our  iande  and  conmierce. 

K  not  wearying  you  too  much,  I  should  wish  to  allude  to 
other  inventions  and  enterprises,  which,  as  every  thinking  man 
admit,  have  had  a  like  effect  on  manufactures  and  commerce 
I  must  at  the  same  time,  and  in  common  justice,  mention 
cases  in  which  the  British  manufacturer  has,  I  am  sorry  U 
been  lamentably  behind  in  the  race  of  improvement.  I  hi 
my  lifetime  seen  the  whole  of  the  railways  in  the  kingdom 
construction,  with  the  exception  of  the  Stockton  and  Darlingtoi 
tho  Liverpool  and  Manchester,  and  the  latter  I  went  down  I 
the  first  year  after  its  construction;  so  that  I  have  taken 
of  a  very  large  number  of  what  are  commonly  called  **m 
improvements " ;  and  I  may  perhaps  also  name  a  few  of  thoK 
were  young  when  I  was^a  lad. 
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There  is  no  doubt  but  that  we  are  largely  indebted  to  our  rich 
mtanl  lesonzoes  in  mineral  wealth,  snch  as  coal,  clay,  lime, 
nit,  stone,  iron,  lead,  copper,  tin,  <&c.  &c.,  whilst  another  very 
importaiit  fEustor  is  the  natnral  wit  and  industry  of  the  English 
dbntcter,  which  is  so  different  in  many  respects  from  the  lethargic, 
femiik,  or  idle  character  of  some  other  nations ;  and  I  argue  that, 
in  mw  of  these  fiusts,  it  would  indeed  have  been  a  shame,  if  many 
good,  new,  and  useful  results  had  not  been  produced,  though  I 
muntun  that  many  more  might  have  been  generated,  had  more 
ttterprise  and  less  conservatism  in  old  ways  been  shown. 

One   of  the  earliest  and  most  marked    improYoments,  in   the 

OQATeytnoe  of   merchandise  of   all    kinds  inland,  was  the  large 

dsfdopment  of  canals  by  Brindley,  at  once  reducing  the  cost  per 

Mile  from  about  lOd.  to  Id. ;  so  that  the  materials  produced  in  one 

IMt  of  the  country  were  able  to  be  transferred  to  other  parts,  where 

it  WW  possible  to  utilise  them ;   and  merchandise  could  also  be 

QQDfeyed  to  large  towns  or  ports  for  shipment.    This  improvement 

tended   largely    to   develop    the    resources    of   the    country,    and 

gnitly  to    assist    those    who    were    principally    dependent    upon 

igneolture.     The  successful   exertions  of   Smeaton,  in  improving 

wifter-wheels  and  windmills,  did  much  to  supply  the  country  with 

power  for  grinding  and  pumping,   as  well   as  for  forge  and  tilt 

lummers,  and  for  blowing  engines  in  iron- works ;  but  the  amount 

of  water-power  available   in  the  country  is  comparatively  small, 

&r  too  small  to  meet  the  necessities  of  manufacturers.     The  next 

^  step  in  improvement  was  undoubtedly  the  introduction  of  the 

eteun-engipe,  first  by  Newcomen  simply  for  .pumping,  and  secondly 

^  Watt  for  general  purposes,  thereby  immensely  stimulating  the 

old  mukuflBctures  of  the  country,  and  giving  rise  to  many  new  ones. 

^  cue  of  Watt  is  one  which  clearly  shows  the  advantage  of  the 

l^toit  laws  in  stimulating  invention,  by  enabling  the  inventor  to 

'^P  ft  portion  of  the  advantage  of  his  own  discovery ;  for  it  was 

™>]^y  the  fact  of  his  having  a  patent  that  caused  his  moneyed 

I**^,  Boulton,  to  persevere  in  bringing  the  invention  to  bear  on 

tt  ezteaaive  scale.    And  here,  in  passing,  I  may  call  attention 

^  tte  fict,  that  fourteen  years  was  not  enough  to  develop  the  most 
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useftil  invention  of  our  times,  and  that  another  fourteen  yeini 
given.  The  service  rendered  also  by  Trevithick,  in  the  introdnoii 
of  the  high-pressure  steam-engine,  was  much  more  important  dun 
generally  acknowledged :  it  certainly  is  not  universally  known  t 
he  ran  a  locomotive  engine  on  a  circular  railway,  about  1804,  in  EdbI 
Square,  (I  may  mention  that  my  own  &ther  saw  it  running  tiM 
inside  an  inclosure,  and  it  ran  round  so  fast  as  eventually  to  b 
the  rails). 

The  progress  of  improvement  in  manufactures,  after  the  iuTent 
of  Watt  was  brought  to  bear,  was  much  more  rapid.  Cotton-spnmi 
was  quickly  improved;  Arkwright  introduced  his  spinning-fru 
Grompton  introduced  his  mule,  and  Boberts  his  self-acting  mn 
and  finally  Cartwright  introduced,  the  power-loom.  The  manu&ct 
of  soda  from  common  salt  was  introduced,  and  was  a  most  tbIu 
invention.  The  paper-making  machine  was  invented:  bletdii 
and  dying  were  much  improved.  The  printing-machine  ^ 
brought  to  bear,  and  at  once  spread  knowledge  at  the  rate  of  1^ 
large  sheets  per  hour,  printed  on  both  sides,  in  place  of  small  shei 
only  printed  on  one  side,  at  250  per  hour :  I  trust  yon  will  ei0 
my  mentioning  this  in  honour  of  my  late  good  father.  A  little  li 
the  Jacquard  or  figuring  loom  was  brought  forward ;  steam  na^igiti 
and  later  on  ocean  steamers,  became  a  complete  success ;  and  pott 
and  porcelain  were  much  improved  in  various  ways. 

Then  came  the  grand  strides  made  by  railways,  and  the  conseqn 
cheap  and  quick  conveyance  of  passengers  and  materials  in 
directions,  thus  enabling  numbers  of  industries  to  be  estaUiil 
and  worked  with  advantage,  and  giving  employment  to  tern 
thousands.  In  shipping  it  only  required  experience  of  the  ent 
success  of  the  first  iron  ships,  the  Oarry  Owen  and  Aon 
Manbyj  to  give  iron  ships  a  firm  footing,  though  the  advoottei 
wooden  ships  delayed  their  introduction  for  a  time.  At  the  prM 
time,  the  immense  advantages  obtained  by  the  introduction  of  ok 
steel  in  ship-building  are  increasing  the  ship-building  trade  of  tl 
country  in  a  remarkable  degree :  examples  of  this  we  shall  seaj 
hope,  this  afternoon,  together  with  the  great  improvement  of  donh 
plating  the  bottom,  up  to  above  the  bilge. 
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ni  economy  with  which  steam-ships  can  now  fetch  and 
mis  of  low  value,  in  enormous  quantities,  throughout  the 
bined  with  the  immense  facilities  afforded  by  railways, 
lofit  any  kind  of  material  to  be  transferred  from  any 
n  the  globe,  where  it  may  be  produced,  to  any  other 
3  it  may  most  economically  be  utilised,  and  where  real 
its  in  manufactures  may  be  made.  Great  effects  may 
)duoed.  As  an  example,  some  of  the  most  sulphurous 
;  of  South  America,  which  formerly  were  not  worth  the 
I  this  country,  are  now  used  in  immense  .quantities,  owing 
ition  of  an  improved  furnace  for- roasting  them.  I  allude 
snhofer  furnace,  in  which  the  burning  of  the  sulphur  from 
led  ore  accomplishes  its  calcination.  |^,The  sulphurous 
I  produced  is  used  to  make  sulphuric  acid,  and  the  acid 

0  make  soda  out  of  common  salt.  I  merely  mention 
e  instance  among  hundreds  in  which  several  different 
es  have  been  improved  at  the  same  time  by  one  simple 

phs  then  came  to  our  aid,  to  facilitate  the  interchange  of 
,  and  particularly  did  ocean  telegraphs  help  greatly 
)  important  communications  between  continents.  I  must 
vrell  upon  the  immense  variety  of  telegraph  instruments 
Does,  whether  acting  by  codes,  read  by  the  eye  or  by 
-  writing  by  hand,  or  recording  by  a  line ;  but  the  great 

1  accomplished  by  duplex  and  quadruplex  signalling, 
9  wire  in  both  directions,  has  been  a  marked  improvement 

age,  and  contrasts  strongly  with  Professor  Wheatstone's 
IT  wires,  with  the  rails  of  the  railway  (as  was  supposed) 
I  wire. 

on  to  the  most  recent  improvements,  we  shall,  I  trust, 
see  (and  for  the  first  time  in  England)  liquid  steel,  in 
ii,  submitted  to  the  pressure  of  high-pressure  steam,  in 
npress  the  bubbles  of  gas  in  the  mass,  and  so  render  the 
ioand ;  on  the  same  principle  as  is  employed  by  Sir  Joseph 
when  he  uses  hydraulic  pressure.  Another  very  interesting 
e»  which  wo  shall  have  full  opportunity  of  seeing,  is  the 
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Jute  manufjEtctnTe,  which  has  risen  to  such  large  proportions,  tl 
some  maimfactnrers  have  moyed  their  estaUishments  to  India,  wk^ 
the  jute  is  grown,  and  where  labour  is  very  cheap ;  whilst  the  rec4 
nse  of  the  stump,  or  lower  part  of  the  jute  stalk,  for  paper  makb 
has  gono  some  way  to  reduce  cost.  Wire-rolling  mills  are  also  to 
seen  in  the  neighbourhood,  where  lengths  of  a  quarter  or  even  hali 
mile  can  be  rolled  out  from  one  billet  ready  for  being  dza^ 
There  is  likewise  a  Hoffinan  kiln  for  burning  bricks  in  the  n& 
economical  knanner,  by  utilizing  the  heat  of  bricks  that  'hfl 
been  burnt  for  heating  up  bricks  to  be  burnt.  The  large  doc 
with  immense  concrete  retaining  walls,  and  their  large  gates  fl 
other  appliances,  will  be  found  well  worthy  of  attention ;  and  Mr.  Jc 
new  slide-motion  will  demand  careful  consideration,  particularly 
reference  to  its  application  to  locomotives,  an  excellent  spedn 
of  which  has  been  brought  here  by  Mr.  Webb,  with  the  mofe 
applied  in  his  own  way,  and  with  the  last  improvement  in  a  sli 
valve,  which  gives  a  double-quick  opening  at  the  b^inning  of 
admission. 

I  find  my  time  running  short,  and  therefore  must  not  dwell 
other  improvements  in  machines  and  manufactures  which  hj 
certainly  helped  the  commerce  of  this  country,  such  as  in 
preservation  of  food,  stereotype  printing,  the  preparation  of  inc 
rubber,  fog-signals,  gas  manufEM^ture,  photography,  weaving,  plafe 
metals,  machine  tools,  candle-making,  lace-making,  tea-roUi 
machinery  for  lifting  weights,  hydraulic  machinery,  interlodc 
railway  signals  and  points,  railway  brakes,  writing  instnunss 
sugar  machinery  both  for  cane  and  beet,  bolts  and  nuts,  scr» 
locks,  anchors,  steam-hammers,  lead  and  iron  pipes,  blast  fnmac 
gun  cotton,  dynamite,  nitro-glycerine,  steel  masts  and  yards,  steer 
apparatus,  economical  engines,  microscopes,  telescopes,  8peotroBCO| 
thermometers  for  discovering  icebergs  at  sea,  artificial  leatl: 
agricultural  implements,  sinking  piles  by  means  of  a  jet  of  wai 
fire-engines,  &c,;  and  I  may  perhaps  add  to  these  Sir  Hei 
Besscmer's  very  ingenious  idea  of  a  high-temperature  fomaoe,  w 
gases  under  pressure,  and  Dr.  Siemens'  elegant  experiment  of  melt 
steel  in  a  crucible  with  the  electric  current  generated  by  a  dynai 
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mgnetio  machine  diiyen  by  an  engine,  and  his  plan  of  stimulating 

tk  growth  of  plants,  by  making  them  grow  night  and  day  by  electric 
light 

Perhaps  yon  will  be  inclined  to  ask  me,  why  I  have  thus  conjured 
19  to  your  mind's  eye  a  number  of  inventions  and  improvementa 
lAich  you  know  have  helped  to  make  England's  greatness  :  for  this 
nMQQ,  that  I  want  manufacturers  to  appreciate  much  more  than  they 
do  it  present,  that  9uch  vast  improvements  having  been  made,  further 
iMfdfUmt  steps  can  he  taJcen^  so  as  to  keep  England  always  in 
tdfuioe  of  all  other  nations  in  Manufactures  and  the  Arts,  if  only 
iDore  enterprise  and  energy  are  shown  in  taking  up  known  good 
tliingg,  in  inventing  new  processes,  and  prosecuting  them  to  success. 

For  instance,  sewing  machines  ought  to  be  made  here,  and  I  urged 
E&gliah  makers,  years  since,  to  go  in  thoroughly  for  making  every 
Pttt  accurately  and  by  machinery,  so  as  to  fit  together  at  once  without 
"fittiiig;"  but  I  could  not  get  this  carried  out,  and  now  sewing 
i^Mduiies  come  from  America  literally  by  millions,  though  labour  is 
^^tter,  metal  is  dearer,  and  there  are  upwards  of  3000  miles  of 
^^ttiage  against  them.  But  *'  machine  manufacture  "  is  cheaper  and 
fcetter  than  "  hand-making.*' 

In  gun-making  I  counselled  some  of  the  Birmingham  makers, 

^^^  before  they  did  anything  in  the  matter,  that  they  would  actually 

^^  their  trade  if  they  did  not  adopt  good  machinery  to  manufacture 

^^^  part  exact  to  size ;  and  at  last,  when  the  Government  had  the 

^^^Qans  of  doing  most  of  the  work,  they  did  adopt  machinery,  but  many 

^^rnrs  too  late. 

Then  with  regard  to  common  pumps,  they  are  now  imported  from 
America  by  thousands,  and  are  sold  here,  without  being  commonly 
^own  to  be  American ;  clocks  and  watches  also  come  in  immense 
^umbers,  some  of  them  very  cheap  and  common,  whilst  others  are 
>seiy  well  made.  Another  trade,  ne£a*er  perhaps  to  most  of  us,  is  that 
tif  tolled  iron  girders,  which  I  am  sorry  to  say  are  coming  by  hundreds 
^nd  thousands  from  Belgium ;  indeed  almost  every  house  that  is  now 
Voilt  in  London  with  rolled  iron  girders  is  supplied  from  Belgium. 
Trheie  things  should  not  be  :  we  have  iron  in  plenty,  and  labour  in 
mbundanoey  bat  we  want  special  machines^  schemed  as  fast  as  they  are 
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wanted,  to  fit  the  work  properly,  and  tnm  it  out  accurately  in  large 
quantities ;  and  we  shonld  show  more  enterprise  in  adopting  a  good 
''new  thing/'  which  I  am  sorry  to  say  is  what  some  of  our  old- 
fashioned  manufacturers  are  slow  to  do,  often  little  knowing  ham 
they  damage  the  trade  they  are  in  by  not  adopting  the  best  knowx 
process. 

Finally  I  venture  to  think,  that  one  of  the  best  results  of  om 
Institution  meeting  in  various  localities,  from  time  to  time,  as  m 
do  to-day,  is  that  there  is  free  intercourse  between  those  who  are  ii 
one  line  of  engineering  and  those  who  are  in  another  line ;  and  tha* 
such  comparing  of  notes  and  observations  as  naturally  takes  place  ii 
conversation  is  most  conducive  to  the  obliteration  of  prejudices  ant 
wrong  notions,  and  particularly  to  the  removal  of  the  illusion,  tha 
what  is  now  being  done  cannot  be  improved. 

This  great  advantage  of  meeting  and  interchanging  ideas  was  full] 
contemplated  by  those  who  assisted  in  starting  this  Institution,  an( 
it  is  most  gratifying  to  think  that  it  has,  on  reaching  maturity 
attained  the  position  it  now  holds  in  the  mechanical  engineering  o 
the  world.  I  trust  sincerely  that  the  Institution  will  go  on  an( 
prosper  for  many  a  long  year  after  we  have  all  departed  and  an 
forgotten,  and  that  it  will  aid  materially  in  advancing  the  manu&cture( 
and  commerce  of  this  country.  I  can  only  urge  further  upon  ever] 
Member,  Associate,  and  Graduate  to  strive  in  every  way  to  promoi 
the  usefulness  of  the  Institution. 


Mr.  Edward  Williams  desired  to  propose  a  vote  of  thanks  to  thi 
President  for  the  able  address  to  which  they  had  just  listened 
They  had  been  reminded  in  a  very  candid  way  of  their  short-comings 
and  he  had  no  doubt  they  would  all  agree  that  they  very  often  di< 
come  short  of  what  might  be  expected  of  them.  He  (Mr.  Williams 
was  not  one  of  those  who  believed  that   they  were  iftmow^Mi 
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beliind  their  foreign  friends,  or  that  foreigners  were  taking  from 

tbem  business  which  used  to  belong  to  this  country,   and  which 

it  mj^t  legitimately  expect  to  hold.     His  yiew  of  the  case  was 

TmXket  that  the  world  required  very  mnch  more  than  this  little 

ifliand,  were  it  oyer  so  active  or  skilled,  could  possibly  supply. 

Speiking  for  the  manufacturers  of  iron  and  steel,  he  did  not  think 

it  codd  be  fidrly  said  that  they  had  fiedlen  behind  foreigners  during 

Um  list  few  years.    The  Bessemer  process  had  been  taken  up  very 

BKrly  in  this  country,  and  not  altogether  by  outsiders  to  the  trade, 

us  ikted  by  the  President.      Within   a   very   short  time  of  the 

KDDOimoement  of  the  discovery  by  Mr.  Bessemer,  it  had  been  taken 

up  at  Dowlais,   and    carried    out  very   ably  and   vigorously  by 

Wb.  Menelaus.     Girders  also  were  made  at  Dowlais  as  well  as  they 

iTtte  e?er  made  abroad,  on  a  much  larger  scale,  and  at  a  lower 

piifle ;  but  the  business  proved  unremunerative.    It  so  happened  that 

it  nitedthe  Belgians  to  do  that  special  branch  of  trade,  and  they  were 

iMstattUy  nearer  London  than  most  of  the  English  manufacturers. 

He  ins  not  finding  fault  with  anything  that  had  fallen  from  the 

^nodent;  but  he  desired  to  say  a  few  words  in  behalf  of  the 

mnu&cturers  of  this  country,  who  he  hoped  and  believed  were  not 

10  lamentably  behind  as  was  sometimes  made  to  appear.    Steadily 

tte  Tolume  of  their  business  increased,   as  he  believed  it  would 

^<^ue  to  increase ;  and  knowing  as  he  did  the  character  of  their 

vorkmen,  he  had  no  fear  of  being  left  behind,  either  in  the  discovery 

^  sow  processes,  or  in  the  carrying  out  of  the  processes  that  had 

^  disoovered  already. 

^  iion-workers  they  were  not  well  off  in  the  matter  of  mechanical 
^P^iaiuseB ;  and  they  ought  long  ago  to  have  got  into  the  habit  of 
**"*  by  machinery  that  which  they  had  done  year  after  year, 
*^  ^ete  still  doing,  by  manual  labour.  The  blame  for  that  state  of 
t'l^  lested  with  the  mechanical  engineer,  and  not  with  the  iron- 
^''*^»  who  wanted  more  mechanical  aid.  Speaking  therefore  not 
*  Qiechanical  engineer,  but  as  an  iron  and  steel  maker,  he  had 
^^plain  to  the  gentlemen  present  that  they  had  rather  lagged 
^^  the  requirements  of  their  business;  and  he  hoped  they 
^^  take  the  advice  of  the  President,  mend   their  ways,  and 
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provide  the  assistance  wanted  by  makers  of  iron  and  steeL  1 
begged  to  propose  that  the  best  thanks  of  the  Institution  be  giv 
to  the  President  for  his  address,  and  trusted  he  wonld  allow  it 
be  printed  in  the  Proceedings  of  the  Institution. 

Mr.  John  Eobinson  said  he  had  much  pleasure  in  seconding  1 
motion.  The  speech  of  Mr.  Williams,  contraB|ed  with  the  adds 
of  the  President,  illustrated  one  of  the  advantages  which  t 
President  had  pointed  out  in  such  meetings  as  the  present,  nami 
that  of  bringing  together  men  of  different  classes  of  mind.  He  h 
not  quite  understood  from  Mr.  Williams  the  reason  why  the  Dowl 
works  had  given  up  the  manufacture  of  girders,  which,  as  i 
President  had  stated,  were  now  made  in  such  large  quantities 
Belgium  for  building  houses  in  London  and  elsewhere.  As 
Englishman  he  did  not  like  to  think  that  pig-iron  produced  in  ti 
<sountry  should  be  carried  across  to  Belgium,  and  then  brought  bo 
in  the  shape  of  girders. 

With  reference  to  the  President's  address,  he  thought  they) 
owed  him  a  debt  of  gratitude  for  recalling  to  them  what  they  w( 
too  often  liable  to  forget,  namely  the  great  progress  which  t 
country  had  made  in  manu&cturing  and  engineering.  In  times  li 
those  through  which  they  had  recently  passed,  he  was  quite  si 
they  required  all  the  encouragement  possible,  to  stimulate  thi 
in  making  further  progress,  instead  of  sitting  down  and  sayiz 
"  We  cannot  go  any  further  ourselves,  but  must  leave  other  natio 
to  take  up  the  race  where  we  have  left  off."  He  hoped  that  won 
never  be  said  of  England ;  and  that  if  some  of  them  were  too  old 
make  progress,  those  who  were  younger  would  rise  up  and  follow 
the  good  path  indicated  by  the  President  in  his  valuable  addze 
He  had  great  pleasure  in  seconding  the  vote  of  thanks  proposed  1 
Mr.  Williams. 

Mr.  W.  Menblaus  said  it  had  been  asked  why  the  manufiustnie 
girders  at  Dowlais  had  been  given  up.    They  had  commenced  th 
manufacture  very  early:   happening  to  be  in  Paris  he  had  sen 
largo  numbers  of  such  girders  being  u^ed.    As  trade  was  not  ve 
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e  built  a  mill  for  the  pnrpose  of  rolling  those  girders ; 
By  went  into  the  trade,  English  architects  would  not 
3,  as  he  expected  they  wonld  do,  in  their  hoildings,  so 
A8  podtiTely  little  or  no  demand  for  them.  They  had 
tons  or  12  tons  at  a  time;  some  wagon-builders  had 
Luch  as  50  tons ;  but  the  trade  would  not  answer.  They 
ers  cheap  enough,  but  there  was  little  or  no  demand  for 
and  that  being  so,  and  the  steel  trade  coming  in,  he  had 
le  machinery  for  rolling  steel;  abandoning  the  girder 
Belgians,  who  he  hoped  had  found  it  profitable.  It  had 
•t  Dowlais  as  far  as  it  went,  and,  if  they  had  been 
by  English  architects,  they  would  haye  been  rolling 
3  present  day ;  but,  after  persevering  for  years,  they  had 
9ir  machinery  into  something  for  which  there  really  was 
ad  he  thought  they  were  fully  justified  in  the  courso 
»pted. 

ben  Mr.  Bessemer  introduced  his  process  to  their  notice, 
erfected  it;  and  though  they  carried  out  his  instructions 
t  was  not  a  success.  Mr.  Bessemer  then  went  away  and 
y  worked  his  process  out  in  another  part  of  the  country ; 
18  he  had  perfected  his  process,  they  were  ready  to  start, 
I  gone  on  ever  since  with  a  fair  amount  of  success  and 


of  thanks  was  put  to  the  meeting,  and  carried  by 


\amng  paper  was  then  read : — 


22i  Amu 


ON   THE   DOCKS   AND   EAILWAY    APPBOACH 

AT    BAEROW-IN-FURNESS. 


Bt  Mb.  F.  C.  STILEMAN,  of  Lohdoh. 


The  title  of  this  paper  was  adopted  from  a  snggesiioii 
Secretary,  with  the  omission  of  one  word — the  epithet  "  nen 
reason  for  this  omission  being  that  the  whole  of  the  Town, 
and  Bailway  at  Barrow-in-Fomess  are  new,  the  Act  of  Pari 
incorporating  the  Fnmess  Bailway  having  been  passed  in  18 
Dock  Act  in  1863,  and  the  Town  having  been  incorporated  ii 
The  Author  has  had  the  privilege  of  being  professionally  ooi 
with  most  of  tbo  engineering  works  of  the  town,  and  of  watch 
rise  and  progress  from  the  time  of  its  foundation.  As  a  pnpfl 
late  Mr.  J.  E.  McClean,  he  was  instructed  to  find  his  way  to  I 
the  means  of  doing  so  not  being  recorded  in  Bradshaw,  and  to 
the  railway  between  Barrow  and  Piel  to  Dalton  and  Kirkby. 
contract  for  this  portion  of  the  railway  was  taken  by  Messn 
and  William  Tredwell  in  1844.  ^he  line  was  opened  in  June 
for  the  carriage  of  iron  ore  and  slate,  which  was  shipped  from  t 
T  headed  wooden  pier  erected  by  the  Bailway  Company  at  Babh 
Point,  about  the  site  of  the  present  Barrow  station.  At  this  ti 
mineral  owners  would  not  undertake  to  guarantee  the  Bailway  Go 
a  traffic  of  75,000  tons  of  iron  ore  per  annum ;  but  soon  al 
opening  of  the  line  a  great  development  of  the  iron  ore  trafl 
place,  and  this  quantity  was  increased  fourfold.  By  degrc 
railway  system  has  been  developed,  and  various  other  linei 
been  absorbed,  now  forming  together  the  Fumess  Bailways^ 
run  from  Lancaster,  via  Camforth,  to  Barrow  and  White 
and  combine  business  with  pleasure  traffic,  the  latter  to  WuiA 
and  Goniston  lakes.     Tho  requirements  of  this  district  now  d 
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[itktk  conmmnicatioii  with  London,  Liyerpool,  Manchester,  and  Leeds, 
vldch  is  supplied  by  the  express  through  trains  of  the  London 
&  North  Western  and  the  Midland  Railway. 

In  Fig.  1,  Plate  33,  is  shown  a  general  plan  of  the  railway 
approaches,  docks,  and  sea  highway;  and  Fig.  2,  Plate  31,  is  a 
larger  plan  of  the  docks,  together  with  the  chief  features  of  tho 
town  of  Barrow. 

The  first  harbour  authorities  (the  Barrow  Harbour  Commissioners) 
vne  constituted  under  the  Act  of  1848.  The  powers  therein  granted 
tneoming  inadequate  to  the  rising  port,  the  Commissioners'  authority 
w  enlarged  in  1855,  and  became  vested  in  the  Fumess  Bailway 
flnpany  in  1863 ;  and  by  the  same  Act  power  was  also  giyen  to 
aOMtmct  docks.  The  construction  of  the  docks  then  authorised, 
Ante  between  Barrow  and  Barrow  Island,  was  let  in  1865  to 
Imbb.  Brassey  and  Field.  The  docks  have  been  named  after  the 
in  Dukes,  Devonshire  and  Buccleuch,  the  chairman  and  deputy- 
tfciimtin  of  the  Fumess  Bailway ;  and  were  formally  opened  on  the 
19  September  1867  with  great  public  enthusiasm. 

The  Devonshire  and  Buccleuch  docks  have  together  a  water  area  of 
ttiOM.  Their  length  is  5500  feet,  and  width  500  feet,  with  a  depth 
tf  S4  feet.  They  are  entered  through  a  basin  500  feet  in  length  by 
IH  feet  in  width,  worked  by  a  pair  of  double-skinned  wrought-iron 
|ri6%  60  feet  wide  in  the  clear,  and  by  a  wrought-iron  caisson, 
^oiiimg  and  parallel  with  the  basin  is  a  graving  dock,  capable  of 
Udng  a  vessel  of  5500  tons  burthen. 

The  north  side  of  the  Devonshire  dock  was  allocated  to  traffic  in 

pioiijiite,  &c.,  and  the  shipment  of  steel  rails  and- haematite  pig 

BQi;  the  principal  portion  of  the  south  side  being  reserved  for,  and 

•It  used  by,  the  Barrow  Shipbuilding  Company  and  tho  timber 

We:  whilst  the  Buccleuch  dock  was  more  particularly  reserved  for 

weddpnient  of  iron  ore  and  timber,  a  trade  generally  carried  on  in  a 

*M>Qer  class  of  vessels.    Under  these  circumstances  the  entrance 

^^tffeea  the  two  docks  was  made  40  feet  wide,  or  20  feet  loss  in  width 

tbn  the  entrance  into  the  basin. 

hk  1872  the  railway  company  obtained  an  Act  authorising  an 
^B^nmm  of  their  docks,  which  was  completed  and  opened  in  May  of 
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last  year.  This  extension,  called  the  Bamsden  dock,  b 
named  after  the  managing  director  of  the  Fnmess  Bailway ;  i 
Author  trusts  it  will  be  a  lasting  tribute  to  the  energy 
James  Bamsden.  The  access  to  this  dock  affords  a  seoo 
into  the  entire  system  of  docks ;  it  is  through  a  basin  900 
length  by  250  feet  in  width,  haying  an  area  of  8  acres,  inti 
700  feet  long  by  100  feet  wide,  and  nearly  2  aoreB  in  ar( 
thence  into  the  Bamsden  dock  and  basin  of  66  acres  of  wai 
Besides  this  a  farther  area  of  200  acres  has  been  enclosed 
Cayendiah  dock  and  quays.  The  minimum  width  of  the  i 
to  these  docks  is  100  feet  The  outer  cills  are  placed 
lower  than  those  of  the  Deyonshire  basin ;  while  those  at  tli 
end  of  the  lock,  or  second  entrance  to  the  docks,  are  at  tl 
leyel  with  the  cills  of  the  Deyonshire  basin. 

The  masonry  of  the  basins,  lock,  and  docks  is  built 
sandstone,  chiefly  obtained  from  Hawcoat  quarry,  1}  mile 
In  the  construction  of  the  basin  and  quay  walls  a  large  an 
concrete  has  been  used  in  yarious  proportions,  the  most  usoi 
1  part  of  hydraulic  mortar  made  from  Aberthaw  pebbles,  and 
of  grayel  or  shingle,  taken  from  the  southern  end  of  Walney 
In  Figs.  3  to  6,  Plate  35,  are  shown  sections  of  these  walls, 
work,  the  excayation  for  the  foundations,  where  trenched,  waaz 
by  buckets  and  skips,  and  the  concrete  was  put  in  position 
same  means.  Concrete  was  also  passed  down  through  te 
wrought-iron  tubes ;  but  it  was  found  that  the  cement  floatei 
top  of  the  tube,  and  this  plan  was  ultimately  abandoned  in  fi 
the  skips. 

The  inyert  of  the  lock  is  built  of  blue  Flintshire  liricks ;  t; 
hollow  quoins,  and  copings  of  Cornish  granite.  The  slopes 
outer  embankments,  reclaiming  the  land  for  the  site  of  the  do 
at  2  to  1,  and  are  pitched  with  12-in.  sandstone  pitching 
12  in.  of  clay  puddle,  the  interstices  being  filled  with  brok0 
This  mode  has  also  been  adopted  for  some  of  the  inner  dop 
trade  requires  it,  jetties  will  be  built  out  to  the  foot  of  iSb 
slope  for  yessels  to  lie  alongside.  The  foundations  pro? 
yariable;  some  of  the  walls,  especially  a  great  part  of  fli 


Ai-GVillSM.  BABROW  DOOKS.  SS7 

dttonel  wall,  are  erected  on  piles  and  flooring,  as  shown  in  Fig.  8, 
Ikte  85;  other  portions  have  piles  driyen  as  a  sheeting  in  "front  of 
fte  misonry.  Amongst  other  means  used  for  excavating  the  dock, 
die  itesm  navvy  was  sncoessfdlly  employed ;  its  employment  in  fliiff 
d^md  grayel  is  very  economical,  saying  much  cost  in  getting.  The 
loric  done  by  a  10  horse-power  "  nawy "  per  day  was  600  to  800 
mtk  jards  filled  into  wagons. 

The  basin  and  dock  gates  are  of  wrought  iron,  segmental  in  fixm, 
■d  stmck  to  a  radins  of  75  ft.  6  in.,  with  a  yersed  sine  of  21  ft. 
Be  sea  gates  are  plated  to  a  greater  height  than  the  others,  so 
« to  exelnde  the  equinoctial  tides  from  the  docks.  Each  leaf  of 
Am  gates  is  67  feet  in  length,  measured  on  the  arc.  The 
fEuniiig  consists  of  H -shaped  built  ribs,  placed  horizontally  at 
nnons  heights  according  to  the  water-pressure  they  have  to  sustain, 
wi  conneoted  at  fiye  points  by  vertical  frames,  similar  in  shape  to 
Aeiibs.  At  the  back  of  each  alternate  rib  is  fixed  a  horizontal 
hMtte  frame,  tied  and  braced  vertically  at  the  five  upright  frames. 
At  flie  back  of  the  gate,  and  attached  to  the  framing  at  every  point 
tf  iBleraectioii,  are  two  diagonal  bars,  supporting  and  bracing 
iijgBUier  all  the  framing  of  the  gate.  The  main  ribs  are  plated  on 
ie  outside  up  to  the  water  level  of  the  dock.  The  heel  and  mitre 
IQrti  aod  the  clapping  cills  are  of  greenheart  timber.  The  centre 
d  the  heel  post  is  set  slightly  eccentric  with  the  centre  to  which 
tts  hollow  quoin  is  worked ;  so  that  in  opening  the  gate  the  heel 
|Qit  is  at  onoe  freed  from  the  masonry.  The  pivot,  and  the  top 
^  bottom  shoes  of  the  heel  posts,  are  of  cast  steel.  The  gate  is 
iBchored  back  to  the  masonry  by  a  wrought-iron  strap,  passing 
ftiOB|^  a  massive  cast-iron  anchor  plate,  which  is  built  into  the 
^MOBxy  and  secured  by  long  wrought-iron  tics.  Each  gate  is 
l>o?]ded  with  one  cast-steel  roller,  2  ft.  6  in.  diameter,  placed 
^7  ft  6  in.  from  the  heel  post,  and  carried  by  a  vertical  shaft  having 
^Mi]^  keys  at  the  top.  Tho  weight  of  one  sea  gate,  57  ft. 
^0^  ind  86  ft.  high,  is  107  tons ;  and  the  gross  weight,  including 
^pifoft,  anchor  plate,  straps,  roller-path,  &c.,  is  127  tons.  Each 
ph  IS  provided  with  a  single  chain  attachment  for  opening  and 
elosiiig^  and  with  four  sluices  acting  in  pairs.    There  is  a  gangway 
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at  the  top,  and  that  across  one  pair  of  gates  is  made  saffidendy  wide 
for  Tehides. 

The  railway  and  road  approaches  across  the  docks  are  as 
follows,  as  shown  in  the  plan,  Fig.  2,  Plate  34  :— 

1st.  The  north  road,  crossing  the  inner  end  of  the  Defonshiie 
basin  by  a  lifting  and  rolling  bridge,  60  ft.  clear  span  and  13  ft.  wide. 

2nd.  The  middle  road  between  the  Devonshire  and  Baodeoch 
docks,  for  vehicles  only,  formerly  passing  over  a  40-ft.  swing-bridge, 
in  two  leaves  worked  by  hand-power.  This  entrance  is  now  being 
widened  to  80  ft.,  and  the  bridge  is  proposed  to  be  a  rolling  one  at  ft 
higher  level. 

3rd.  The  Bncclench  dock  bridge  between  the  Bucdeodi  and 
Bamsden  docks,  crossing  an  opening  of  80  ft.,  in  two  leaves.  It  is 
separated  for  railway  traffic,  vehicles,  and  foot-passengers,  and  htf 
an  aggregate  width  of  31  ft.      The  general  constraotion  of  this 
bridge  is  shown  in  Figs.  6  to  13,  Plates  86  to  38.    The  gross  weight 
of  each  leaf  is  116  tons,  carried  on  a  pivot  P,  by  means  of  a  pair  of 
spring  girders  G  6.     This  arrangement  relieyes  the  dead  weight  of 
the  bridge  off  the  bearings  B,  Fig.  10,  which  are  in  advance  of  the 
pivot ;  whilst  the  spring  girders  yield  sufficiently  to  allow  of  the 
bridge  taking  all  its  bearings  nnder  a  passing  load.     The  two  lea^tf 
are  connected  in  closing  by  a  groove  and  key,  Fig.  9,  having  a  sUg^^ 
draw,  which  maintains  the  ends  of  the  leaves  in  level  and  directioi^ 

An  80-ft.  fixed  bridge  is  provided  across  the  opening  from  ^^ 
Bamsden  into  the  Cavendish  dock  (at  present  to  be  used  as  a  tis^^'^ 
pond),  for  the  road  to  the  cattle  lairs,  slanghter-hoose,  and  chill  tO^ 
on  the  Foreign  Animals  wharf. 

Nearly  all  the  machinery  for  working  the  gates,  sloioes,  CKpStf^^ 
cranes,  pumps,  bridges,  grain  elevators  and  bands,  &0.,  is  worked-  * 
hydraulic  power,  transmitted  from  two  stations;  one  near  ^ 
Devonshire  dock  entrance,  the  second  near  the  Bamsden  dock  entr^^^ 
Fig.  2,  Plato  34.  An  intermediate  accumulator  is  fixed  near  the  109^^ 
crane  of  the  Devonshire  dock.  Nearly  all  the  hydraulic  maohi^^ 
and  plant  has  been  provided  and  erected  by  Sir  William  hxatifX^^ 
and  Go.  The  100-ton  crane  was  also  arranged  to  lifl  7-km  \o^ 
working  over  the  same  roller  path ;  this  has  not  been  finmd  to  be  ^ 
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mibal  amngemenl,  since  the  whole  dead  weight  of  the  cnlie 
0  te?el  oyer  the  roller  path  whether  for  the  greater  or  lesser 

irrow  harbour  is  protected  for  its  whole  area  by  the  Isle  of 
8^9  which  is  abont  10  miles  in  length,  as  seen  in  Fig.  1, 
88.  The  chief  entrance  is  at  Piel,  at  the  southern  end, 
the  rise  of  tide  is  28  feet  at  springs,  and  21  feet  at 
,  equinoctial  tides  rising  to  88  feet.  The  Fumess  Bailway 
any  for  the  last  ten  years  have  carried  on  extensive  dredging 
dons,  employing  four  steam-dredgers,  steam-barges,  and 
ani,  in  straightening  and  deepening  the  channel  between  Piel 
16  Deronshire  dock  entrance.  The  result  is  shown  in  Fig.  1, 
88,  where  the  strong  dotted  lines  mark  the  new  channel.  A 
i  the  entrance  to  Piel  is  now  being  removed  to  a  depth  of 
et  below  low- water  of  ordinary  spring  tides;  and  this  work, 
oompleted,  will  enable  vessels  of  the  largest  class  to  enter  early 
)llow  up  the  tide  to  the  docks. 


Discussion, 

r.  T.  Obmiston  had  long  heard  of  the  Barrow  Docks  as  very 
live  and  successful,  and  as  another  proof  of  the  great  energy 
I  some  of  the  nobility  had  thrown  into  the  extension  of  public 
I  in  the  country.  He  hoped  therefore  it  would  not  be 
iered.  that  in  what  he  was  about  to  say  he  was  criticising  the 
1  in  an  unfavourable  spirit,  and  he  spoke  under  the  disadvantage 
having  yet  been  over  the  works ;  all  that  he  desired  was  to  elicit 
nation  and  provoke  discussion.  One  thing  that  ho  should  like 
ow  was  why  the  graving  dock  at  the  Devonshire  entrance  had 
l^hM^ed  outside ;  because  in  a  general  way  it  was  considered  that 
raat  advantage  of  having  a  graving  dock  in  connection  with  a 
lock  was  that  repairs  to  ships  could  be  made  without  going 
Is  of  the  wet  dock. 
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'  It  appeared  to  him  that  the  deep  entianco  to  the  Bamsden  basin 
was  excellent^  bnt  that  the  raiamg  of  the  inner  lock  cill  6  ft,  or  to 
the  same  level  as  the  Devonshire  cill,  had  prevented  the  foil  lue 
of  the  large  area  of  docks  inside ;  and  he  should  be  glad  of  fiutlier 
information  on  that  qnestion. 

Another  qnestion  he  should  like  to  ask  was  why  the  entrance  bad 
been  made  so  wide.  Since  paddlo-steamers  had  been  given  up  for 
the  sea-going  trade,  it  was  generally  held  that  nothing  like  the  iridtb 
of  100  ft.  was  required.  He  did  not  know  any  steamer  afloal  of 
anything  like  that  width,  except  perhaps  the  Oreat  Eatiem;  and  it 
was  not  worth  while  to  make  exceptional  arrangements  for  one  abip. 
There  was  no  ship  that  he  knew  of  having  more  than  52  fi  beam 
over  all.  In '  a  dock  which  he  had  lately  finished  he  had  designad 
the  width  to  be  60  ft. ;  but  he  was  overruled,  and  it  was  made  66  ft, 
which  he  thought  was  wider  than  necessary.  At  Liverpool  ba 
believed  the  standard  width  of  entrance  was  now  only  60  ft.  If  iba 
width  was  made  more  than  was  amply  sufficient,  that  meant  heaTicr 
gates  and  heavier  works  generally,  costing  of  course  a  great  deal  mora 
money. 

Finally  he  should  like  to  ask  whether  any  silting  took  place  vx 
the  channel,  outside  the  docks ;  and  if  so,  how  that  was  met. 

Mr.  W.  G.  Stbtps  would  confine  the  observations  he  had  ^ 
make  to  certain  matters  of  detail,  as  the  scope  of  Mr.  Stilem*^ 
excellent  paper  was  so  large,  and  the  subject  so  extensive.  He  wof^ 
refer  especially  to  the  mode  in  which  the  quay  walls  were  oonstruei^ 
The  paper  stated  that  the  plan  of  running  the  concrete  in  by  me^ 
of  tubes  had  been  abandoned  in  favour  of  the  old  plan  of  lowet^ 
the  concrete  by  skips.  The  tube  plan  appeared  to  be  simple  ^ 
eoonomical,  and  capable  of  being  successfully  employed  if  pn>J 
precautions  were  taken  ;  and  one  of  the  most  important  of  these  ^ 
that  the  concrete  should  be  poured  into  the  tube  in  very  1^ 
quantities  and  as  uniformly  as  possible,  and  some  special  arrangemeaS 
should  be  made  to  ensure  this.  The  extensive  and  sucoessfol  wsB^ 
concrete  in  the  construction  of  quay  works  such  as  described  in  'i 
Pftper  had  of  late  received  great  attention ;  and  the  plan  of  patfcJ 
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aerete  in  giid  had  met  with  so  mnch  faTour  with  engineers  as 
d  them  to  look  forward  to  the  time  when  the  nse  of  large 
*te  blocksy  with  their  extensiye,  enmbrons,  and  costly  plant, 
be  a  thing  of  the  past.  For  irregular  foundations  and  uneven 
IS  there  was  eyerything  in  favour  of  placing  the  concrete 
.  It  would  therefore  be  very  interesting  to  have  a  little  moie 
lation  as  to  the  reasons  that  had  led  to  the  use  of  tubes  being 
tinned ;  and  also  some  description  joi  the  method  employed, 
was  not  found  to  answer ;  if  the  tube  arrangement  could  be 
tsfolly  employed,  it  would  be  of  considerable  advantage  in 
ting  concrete  in  great  depths  of  water.  He  shou^  like  to 
what  depth  of  water  the  concrete  was  deposited  in  the  present 
loe.  The  rise  and  iaU  of  tide  was  considerable,  and  he  should 
y  know  how  the  panels  were  constructed,  the  method  of  placing 
tad  staunching  them  at  the  bottom ;  and  also  to  what  height 
respect  to  the  rise  of  the  tide  they  were  carried  up  before  the 
it  was  filled  in,  and  to  what  extent  in  advance  of  the  work  the 
ing  was  projected. 

[r.  6.  B.  Bbknib  asked  why  the  three  sections  of  dock  wall 
late  35  showed  such  different  modes  of  construction :  Fig.  3 
I  half  mbble-masonry ;  Fig.  4  almost  entirely  lime-concrete ; 
Fig.  6  rubble-masonry  and  lime-concrete,  with  cement-concrete 
6  bottom.  Also  what  was  the  object  of  the  trench  of  cement- 
reie  shown  at  the  bottom  of  Fig.  4.  Further  it  was  stated  in 
^fsgot  that,  amongst  other  means  used  for  excavating  the  dock, 
sleam-nawy  had  been  successfully  employed.  Would  Mr. 
man  kindly  state  what  was  the  relatiye  cost  of  excavating  by  the 
iMiiwy  as  compared  with  hand-labour? 

Sr  Jaios  Raksden,  in  the  absence  of  Mr.  F.  0.  Stileman,  would 
nr  some  of  the  general  questions  that  had  been  asked,  leaving 
'flUeman's  son  to  reply  to  matters  of  detail.  With  regard  to  the 
"^ntttion  of  the  graving-dock  at  the  Devonshire  entrance,  ho 
^  HP'eed  in  the  view  taken  by  Mr.  Ormiston,  that  the  entrance 
^  have  been  from  the  dock  itself;  but  in  the  early  days  of  the 
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docks  economy  had  been  one  of  the  first  things  to  be  attended 
had  been  found  that  the  foundations  of  the  north-^ast  oomei 
Devonshire  dock  were  very  bad ;  there  was  a  thick  deposit  ( 
and  other  nnfavonrable  material,  and  therefore  the  cheapest  i 
access  to  the  graving-dock  was  found  to  be  from  the  sea. 

With  reference  to  the  great  width  of  the  entrance  to  1 
dock,  he  ventured  to  differ  from  Mr.  Ormiston,  thou| 
considerable  diffidence.  Although  it  was  a  fact  that  vesse 
now  being  built  without  paddles,  there  were  other  circus 
connected  with  the  working  of  the  dock  which  practical  mei 
at  once  appreciate.  Much  longer  vessels  now  frequented  tl 
since  the  improvement  of  the  channel  and  the  opening  of 
docks ;  and  it  was  important  that  these  should  be  docked  as 
as  possible,  not  only  with  a  view  to  the  safety  of  the  vessels,  1 
with  a  view  to  getting  as  many  vessels  as  possible  in  and  oui 
docks  on  the  tide.  It  was  found  from  experience  that  th 
width  of  entrance  at  the  Devonshire  dock  might  be  ver] 
improved.  After  considerable  enquiry  the  directors  came 
conclusion  that  100  ft.  was  the  belt  width  for  that  particuL 
way ;  and  this  had  been  proved  in  the  most  satisfactory  nuu 
experience  in  working  the  dock.  They  now  found  that  ship 
length  might  enter  the  dock  practically  without  putting 
ashore ;  and  this  was  due  entirely  to  the  great  width  of  the  e: 
Where  there  was  a  narrow  entrance,  it  was  necessary  that  1 
should  practically  be  brought  to  a  right  angle  with  the  t 
before  she  could  enter ;  but  with  the  present  wider  entrance, 
alteration  of  the  helm  made  the  vessel  describe  the  arc  of  i 
and  she  was  not  at  right  angles  with  the  stream  until  i 
practically  within  the  entrance  of  the  basin.  Again  there 
enormous  area  of  dock  at  the  back  of  the  entrance,  so  thai 
desirable  to  contemplate  the  admission  of  ships  in  ver 
numbers ;  and  it  had  been  found  by  experience  that  one  vess 
enter  and  another  leave  the  basin  at  the  same  time.  That  o: 
was  due  to  the  extra  width,  which  would  no  doubt  save  the  ad 
entrances  that  must  otherwise  have  become  necessary  in  the  € 
lima 
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regard  to  the  qnestion  of  silting,  the  water  in  Barrow 
718  all  pure  sea-water ;  there  was  no  allnvial  deposit,  and 
itly  no  silt.  The  bottom  of  the  channel  was  hard  material, 
d  day.     Moreoyer  the  Island  of  Walney  gave  a  double 

both  north  and  south ;   and  it  was  a  carious  fSeu^t  that, 

the  meeting  of  the  waters  of  the  Atlantic  and  the  Irish 
immediately  opposite  Morecambe  Bay,  the  level  of  the  tide  at 
2  ft.  higher  than  it  was  at  the  estuary  of  the  Duddon,  nine 
her  north.  Hence  for  two  hours  after  high  water  the  tido 
ing  to  the  north,  and  when  the  water  returned  it  was  as  clear 
,  so  that  any  mud  moved  by  the  flowing  tide  was  washed  away 
tea  to  the  north.  The  dredging  work  had  been  very  much 
I  by  the  scouring  power  of  the  tide.  All  that  the  dredgers 
had  been  to  remove  the  hard  clay  and  gravel,  the  tide  washing 
finer  material.  He  believed  that  two-thirds  of  the  material 
lad  been  washed  away  by  the  operation  of  the  tide, 
reference  to  Mr.  Ormiston's  question  about  the  level  of 

in  the  docks,  he  might  point  out  that  the  docks  were  fed 
m  of  water  called  the  Abbey  Beck,  which  stream  practically 
d  a  depth  of  24  ft.  of  water  in  the  docks  at  all  times. 
1  was  the  same  as  that  of  high-water  spring  tides,  i,e, 
er  the  outer  dills;    at  neap  tides,   when  the  high-water 

below  this,  vessels  were  admitted  when  necessary  into 

by  locking.  Experience  had  taught  that  it  would  havo 
er  if  the  inner  cill  of  the  lock  had  been  lower,  from  tho 

since  the  dock  was  designed  vessels  had  become  longer 
«r.  In  all  that  had  been  done  at  Barrow  they  had 
red  to  advance  with  the  times;  but  by  the  time  they 
ied  a  plan  out,  they  always  found  themselves  behind  the 
ents  of  trade.  He  had  only  to  add  that  the  whole  works 
.  Ottried  out  by  Mr.  Stileman  in  the  most  satisfactory  manner 
rectors  of  the  company,  and  that  nothing  could  be  improved 
iy  of  practical  details. 

AuLBK  Stiliman  explained  that  the  section  Fig.  3,  Plate  35, 
Itooftnde  the  entrance  and  was  tidal  work ;  Fig.  4  was  the  return 
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wall  in  the  basin  and  was  all  done  with  navvy  work ;  Fig.  5  was 
the  section  of  the  Anchor  Line  basin-wall,  where  the  same  amount 
of  work  in  masonry  could  never  have  been  completed  in  aDything 
like  the  time.  The  trench  shown  at  the  bottom  of  Fig.  4  was  mide 
to  get  the  concrete  through  a  layer  of  gravel  down  on  to  a  good 
bottom.  With  regard  to  the  material,  all  the  tidal  work  outside  wtf 
in  cement-concrete,  and  that  inside,  in  the  dry,  was  in  lime-coDcrete. 
With  regard  to  the  cost  of  the  steam-nawy  and  of  manual  labonr,  in 
the  hard  stuff  in  which  these  docks  were  excavated  the  cost  wu 
found  to  bo  4c2.  per  cubic  yard  for  the  steam-nawy,  as  comptfod 
with  Is.  2d,  for  manual  labour.  These  prices  in  both  cases  included 
tho  lead,  but  not  coal  for  the  steam-nawy.  No  doubt  on  railwayiB^  in 
remote  places  where  men  and  lodgings  were  difficult  to  get,  the  Biting 
would  be  still  greater. 

In  regard  to  the  question  that  had  been  asked  with  rpferenoe  to 
passing  concrete  down  wrought-iron  tubes,  the  tubes  were  made  SO  ft. 
long  and  2  ft.  diameter,  and  in  three  telescopic  pieces  of  10  ft  6ld^ 
to  enable  them  to  be  raised  or  slung  as  required :  it  having  beo^ 
determined  not  to  carry  the  concrete  higher  than  8  ft  at  a  ta^^ 
These  tubes  held  a  considerable  amount  of  concrete ;  and  it  '^ 
found  that,  during  the  process  of  filling,  a  portion  of  the  ceiO^ 
made  its  way  out  through  the  joints  in  the  form  of  scum,  leaving  ^ 
first  portion  of  each  tide's  work  with  less  cement  in  it  than  tt^^ 
should  be.     Working  as  they  were  at  14  ft.  below  low  water,  it   ^ 
found  impossible    to    make  tho  joints  water-tight.      Under  it^^ 
circumstances  the  method  of  building  was  altered.    A  steam  o^ 
was  floated  alongside  the  piling;  the  gravel  and  cement  were  ^ 
brought  alongside  in  barges,  and  the  concrete  was  mixed  on  tt'-' 
barges,  and  lowered  by  the  crane  into  the  foundations,  in  Applet 
hopper-bottom  buckets.    It  would  thus  be  seen  that  the  concrete  ^ 
still  deposited  tn  situ  ;  it  was  only  the  method  of  doing  so  that  ji 
been  altered. 

With  regard  to  dredging,  they  had  raised  by  dredgers  alone 
3,000,000  to  4,000,000  cubic  yards.     The  quantity  raised 
according  to  the  time  of  year;  but  taking  it  all  the  year  rov^ 
the  cost  was    about  5^.  per  yard  actually  ndsed.      Taking 
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iwerer  from  Sir  JamoB  Bamsden's  point  of  Tiew,  t.e.  inclnding  the 
■ntity  remoyed  by  the  scour,  the  cost  was  reduced  to  somewhere 
ont  2J.  per  yard. 

In  reference  to  the  construction  and  testing  of  the  steel  spring 
rden  of  the  Buccleuch  dock  bridge,  Plate  38,  their  top  and  bottom 
^006  were  of  steel  boiler-plates,  18  in.  wide  and  1^  in.  thick  ;  and 
9  webs  were  of  Butterley  channel  iron,  3^  in.  wide  on  the  flanges, 
n.  deep,  and  ^  in.  thick.  They  were  riveted  up  with  steel  rivets  1  in. 
OL,  the  rivet-holes  being  rimered  out  when  necessary,  so  that  the 
eti  entirely  filled  the  holes.  The  girders  were  constructed  with  a 
ened  camber  of  2  in. ;  and  each  when  finished  was  accurately 
bd  on  bearings  25  ft.  apart  in  the  following  manner,  the  results 
Kg  registered.    A  load  of  32  tons  was  applied  at  the  centre,  and 

deflection  and  permanent  set  were  noted.  Successive  loads 
reiaed  by  10  tons  at  a  time  were  then  applied,  and  each  time  were 
dly  taken  off  again,  until  62  tons  load  was  reached.  This  load 
I  then  applied  again  and  again  repeatedly,  until  no  further 
manent  set  was  produced.  The  deflections  were  then  noted  both 
>5  tons  and  at  62  tons  load,  and  were  found  to  amount  to  l^j^  in. 
kr  the  former  and  1|  in.  under  the  latter.  The  spring-girders 
tod  direct  on  the  pivot,  and,  when  out  of  strain,  had  a  reversed 
ober  of  2  in. ;  so  that  when  no  moving  weight  was  on  the  bridge. 
)  ^ring  of  the  girders  lifted  the  bridge  off  its  front  bearings ;  but 
b  girders  were  so  adjusted  that  when  a  train  came  on  they  yielded 
■OBgh  to  let  the  bridge  down  on  its  front  bearings,  while  it  was 
ni  it  the  heel  end  by  two  wedge-shaped  keys,  fitted  into  jaws 
<ihd  to  the  masonry,  as  shown  in  Fig.  8,  Plate  37.  In  opening  the 
■^  the  force  required  to  start  each  leaf  was  found  to  be  30  cwts. 

^PusmiRT  proposed  a  vote  of  thanks  to  Mr.  Stileman  for  his 
'•'••Me  paper,  whicb  was  passed  by  acclamation. 


■™  Ulowing  paper  was  then  read  : — 
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ON  THE  STEAM-SmP  "CITY  OF  KOME." 


Bt  Mb.  JAMES  HUMPHBYS,  of  Babbow-in-Fubhbbs. 


The  followiog  paper  is  a  brief  description  of  the  great  Steain- 
ship  for  the  Inman  line,  which  .  is  now  to  be  seen  in  course  of 
constraction  on  the  stocks  of  tho  Bairow  Shipbuilding  Company. 

Perhaps  the  spirit  and  enterprise  of  British  commerce  haTe  n6?er 
been  more  fully  illustrated  than  in  the  wonderful  develoianent  of 
the  mercantile  marine  in  recent  years.     In  1870  the  total  tonittge 
of  British  steam-shipping  was  1,111,375  tons,  but  the  returns  foftbe 
year  187G  show  it  to  have  increased  to  2,150,302  tons ;  and  £rom  6a^ 
time  to  the  present  it  has  been  increasing  still  more  rapidly.   Not 
only  has  the  total  tonnage  increased  to  this  enormous  extent,  bot 
the  advance  that  has  been  made  in  increasing  the  size  of  yeSBew 
has  been  immense ;  and  in  no  quarter  has  this  feature  been  more 
remarkable  than  in  the  great  passenger  lines  of  the  Atlantic.    Oo^ 
of  the  foremost  amongst  these  has  always  been  the  Inman  li>^ 
which  already  possesses  in  the  City  of  Berlin  the  vessel  of  larg^^ 
tonnage  at  present  in  existence,  with  the  exception  of  the  6^ 
Eastern;  and  whoso  steamers,  with  their  high  speed  and  exceO^ 
accommodation,  are  inferior  to  none  in  the  world  for  the  comfort  ^ 
convenience  of  passengers. 

With  a  view  of  still  further  providing  for  the  comfort  and  ^^'^ 
transport  of  the  rapidly  increasing  numbers  who  cross  the  AUp^^ 
between  New  York  and  Liverpool,  the  Inman  Steam-ship  Gomp^ 
decided  some  little  time  since  to  order  a  vessel  which  should  oom't^ 
the  highest  rate  of  speed  with  the  mftTinniTn  of  comfort  and  luxC^ 
a  speed  but  little  inferior  to  that  of  railway  travelling,  and  lu^^ 
and  comfort  such  as  can  be  found  only  in  the  most  complc^^ 
appointed  modem  hotels. 
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To  fhlfil  these  conditions  it  was  deemed  necessary  that  the 
388el  should  be  of  very  mnch  greater  dimensions  than  any  ship 
ben  belonging  to  the  Company;  and  after  the  most  carefnl 
Idiberation  it  was  considered  advisable  to  go  to  a  size  of  at  least 
iOOOtons.  The  dimensions  finally  adopted  were,  length  between 
perpendicnlars,  546  ft. ;  length  over  all,  600  ft. ;  extreme  breadth, 
52  ft  3  in. ;  depth  of  hold,  37  ft.  The  great  length  as  compared 
liih  the  breadth  ensured  long  easy  lines  for  the  high  speed  required ; 
nd  the  depth  of  hold  being  only  37  ft.,  as  compared  with  the  beam 
of  52  fi,  ensured  great  stability  and  consequent  comfort  for  the 
pMMDgen. 

Omeral  Features, — These  are  indicated  by  the  general  drawings, 
Rp.  1  to  5,  Plates  39  to  41.  It  will  be  seen  that  the  distinctive  type 
«f  Ae  Inman  line  has  not  been  departed  from  in  respect  of  the  perhaps 
cU-fMhioned  but  still  handsome  profile,  with  clipper  bow,  figure-head, 
ttl  bowsprit.  For  the  figure-head  is  proposed  a  full-length  figure 
tf  ooe  of  the  Boman  CsBsars,  in  the  imperial  purple.  The  whole  of 
ttalieadwork,  with  this  exception,  will  be  formed  in  iron,  to  save 
tttt  cost  and  trouble  of  continually  renewing  the  head-rails,  &c., 
vim  made  of  wood« 

The  veflsel  is  to  be  rigged  with  four  masts.  Fig.  1 ;  and  here  again 

ttebttdsome  full  ship-rig  of  the  Inman  line  has  been  adhered  to,  with 

^tdditionof  the  fore-and-aft  rigged  jigger-mast,  rendered  necessary 

^fte  enormous  length  of  the  vessel.    She  will  have  three  funnels, 

^  painted  with  the  Company's  white  band.     The  profile  drawing, 

Kg.  8,  Plates  40  and  41,  gives  a  view  of  the  general  arrangement  of 

^Vfiael,  of  her  four  complete  tiers  of  beams,  and  of  the  run  of  the 

'  pitQauide  and  turtle  decks,  with  the  hurricane  deck-house  towering 

^boie  alL    A  point  calling  for  special  notice  is  the  large  number  of 

ie(ttitB   compartments    formed    by    water-tight    bulkheads,    each 

^^^^Boding  to  the  main  deck.      The  largest  of  these  compartments 

*^ody  about  60  ft.  long;  and  supposing  that,  from  collision  or 

^^  CftTue,  one  of  these  was  filled  with  water,  the  trim   of   the 

^^  would  not  be  materially  affected. 
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With  a  view  of  giring  still  further  safety  in  the  eTent  of  odlfi 
or  stranding,  the  boilers,  as  shown  in  Figs.  6  and  7,  Plate  4S, 
arranged  in  two  boiler-rooms,  entirely  separated  from  each  o 
by  means  of  a  water-tight  iron  bulkhead.  This  reduces  i 
in  nearly  all  full-powered  steam-ships  is  a  yast  single  compsit 
into  two  of  moderate  size,  60  ft.  in  length;  and  in  the  c 
of  either  boiler-room  being  flooded,  it  still  leaTes  the  n 
with  half  her  boiler  power  available,  giving  a  speed  of  13  tc 
knots  per  honr.  There  is  also  the  usual  water-tight  bulU 
separating  the  engine-room  from  the  after  boiler-room.  Ano 
feature  of  great  importance  is  the  disposition  of  the  boi 
They  are  eight  in  number,  of  the  double-ended  form,  and  ami 
fore  and  aft  in  four  blocks  of  two,  with  the  transverse  bnU 
already  mentioned  between  the  central  blocks.  This  anangBB 
provides  for  the  bulk  of  the  coal  being  carried  in  the  sides  cf 
vessel ;  and  advantage  is  taken  to  make  the  bunkers  form  paii 
the  structure.  As  shown  by  the  plan.  Fig.  7,  they  extend  i 
straight  line  the  entire  length  of  the  space  occupied  by  the  bd 
and,  on  one  side,  of  that  occupied  by  the  engines  also ;  and,  beinf 
the  same  line  with  the  outer  side  keelsons,  they  are  inooipon 
with  them,  forming  two  strong  longitudinal  girders,  as  shown  in 
transverse  sections,  Figs.  8  and  9,  Plate  43.  These  add  oonsiden 
to  the  strength  of  the  ship  in  the  most  important  part,  wl 
in  many  vessels  tliere  is  rather  a  loss  than  an  aooessioB 
strength.  It  is  intended  further  to  make  these  bunken 
keelsons  water-tight,  and  so  to  form  an  inner  skin,  which  ' 
afford  admirable  protection  to  the  boilers  and  machineiy  in  < 
of  the  vessel  being  cut  into  amidships — an  accident  that  in  orcb 
vessels  almost  invariably  causes  instant  foundering.  These  boolG 
and  all  the  bulkheads,  are  fitted  with  proper  water-tight  doon,  id 
will  be  of  the  type  adopted  by  the  Admiralty.  These  will 
worked  both  from  the  main-deck  and  from  below,  and  will  be  fl 
with  tell-tales  on  deck,  to  show  clearly  whether  they  are  open 
closed. 

At  the  fore  end  a  double  bottom  has  been  arranged  in  Nos.  1  i 
2  cargo  holds,  for  a  distance  of  150  ft.  from  the  stem,  JH^ 
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lie  40.  This  is  filled  with  water-ballast,  and  will  add 
Atly  to  the  safety  of  the  ship  in  the  event  of  her  stranding  on 
ode  or  suffering  a  bow-on  collision,  as  the  bow  is  thereby  greatly 
angthened,  and  the  risk  of  water  getting  into  the  vessel  reduced, 
e  sizeB  of  the  forward  compartments  generally  are  also  small 
apared  with  the  general  dimensions.  Oonstant  care  has  thus  been 
m  in  working  out  the  arrangements,  to  provide  as  far  as  possiblo 
dust  the  dangers  of  collision  or  other  accident. 

Structural  Details, — The  stem  frame  or  post,  Fig.  3,  Plate  41,  now 
king  at  the  Mersey  Steel  and  Iron  Works,  will  be  the  largest  single 
gisg  ever  made  for  boqIi  a  purpose :  the  finished  weight  is  estimated 
be  not  less  than  33  tons,  as  compared  with  18  tons  in  the  stern 
it  of  the  Fumessia  of  5500  tons,  also  building  in  the  yard. 
The  framing  of  the  vessel  is  of  the  ordinary  type,  the  floors 
ing  34  in.  deep  at  the  centre  line.  The  frames  are  in  one  length 
om  centre  line  to  gunwale,  and  are  of  angle-irons  7  in.  x  4  in., 
id  60  ft.  in  length.  The  reverse  frames  are  also  in  one  length  of 
IB.  X  4  in.  angle-iron.  The  butts  of  the  frames,  reverse  frames, 
d  floors,  are  all  carefully  shifted  from  one  another.  The  whole 
t  tte  beams  are  of  the  Butterley  bulb  sections,  each  rolled  in 
■6  kngtL  The  vessel  has  two  complete  iron  decks  above ;  while 
it  lower  deck  is  complete  for  half  the  length,  and  has  wide  plating 
A  each  side  for  the  remainder.  She  has  nine  tiers  of  keelsons, 
M  diown  in  the  transverse  section.  Fig.  8,  Plate  43,  all  running 
^  &re  and  aft ;  the  five  central  ones  are  of  uniform  height,  so 
^  to  be  earned  unbroken  through  the  boiler  seatings. 

The  shell  plating,  shown  in  Figs.  10  and  11,  Plate  44,  is 
'''viged  on  a  principle  that  has  been  applied  with  great  success 
^  ill  the  large  transatlantic  steamers  which  have  been  built 
^  SiRow.  The  inside  plates  form  a  complete  skin,  fitted 
^'^(Bikely  edge  to  edge  and  butt  to  butt,  with  covering-plates, 
'^  the  width  of  the  inside  strakes,  fitted  outside.  By  this 
^'^ement  the  shearing  strains  on  the  riveting  are  greatly 
^""^^i^uhed ;  and  the  plating  in  the  way  of  the  outside  covering 
"^^hdng  doubled,  thinner  plates  are  used  than  with  the  ordinary 
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mode  of  plating  as  per  Lloyd's  mles,  and  much  sonnder 
closer  work  is  thereby  ensured.  The  batt -straps  for  the  who! 
the  joints  of  the  inside  strakes  are  extended  over  the  edge  of 
plating,  as  shown  dotted  at  BB,  Fig.  10.  The  joints  of  the  ont 
strakes  are  also  fitted  with  batt  straps  on  the  inside  of  the  in 
strakes,  extending  the  full  width  of  the  outside  strakes,  as  ih 
dotted  at  SS. 

The  hold  stanchions  are  arranged  in  two  rows,  one  on  each  i 
of  the  centre-line,  the  better  to  support  and  strengthen  the  1 
beams.  The  whole  of  the  deck-houses,  turtle-decks,  and  other  erecti 
on  the  upper  deck  are  of  iron,  to  stand  the  strains  of  an  Atk 
winter.  The  scantlings  had  to  be  considered  specially,  and  I 
been  approved  both  by  Lloyd's  and  by  the  Liverpool  Begistry, 
vessel  being  built  under  the  special  surveys  of  both  societies  for 
highest  class  of  ocean  steamers. 

Engines  and  Boilers, — The  question  of  propelling  this  g 
vessel  at  so  high  a  speed  as  it  is  anticipated  will  be  obtaine 
namely  18  knots  per  hour — was  one  that  demanded  long  and  i 
careful  consideration.  It  was  ultimately  decided  that  it  wooU 
better  to  adhere  to  the  single-screw  arrangement,  and  to  adop 
propeller  24  ft.  in  diameter,  driven  by  three  sets  of  what 
technically  known  as  Li verted  '*  Tandem  "  engines,  working  on  ill 
cranks  disposed  at  angles  of  120*^  with  one  another. 

The  "  tandem "  engine,  as  is  well  known,  has  the  high-preM 
cylinder  H  placed  in  a  line  behind  or  above  the  low-preM 
cylinder  L,  Fig.  8,  Plate  43.  This  arrangement  was  adopted 
preference  to  other  types  of  three-crank  engines,  in  which  i 
powers  developed  are  not  so  uniform,  in  order  that  absolutely  ef 
efforts  might  be  given  out  by  each  of  the  three  engines,  thus  aum 
a  perfectly-balanced  and  evenly-working  machine :  it  is  expected  i 
when  these  engines  are  nicely  adjusted,  they  will  work  almost  wxtti 

noise. 

* 

The  general  arrangement  of  the  parts  is  shown  in  Fi( 
Each  high-pressure  cylinder  is  carried  upon  three  wioii^t4i 
columns,  thus  giving  plenty  of  light  and  easy  access  to  the  stdb 
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d  also  enabUng  the  cylinder  covers,  wbicli  are  made  in 
be  readily  withdrawn,  should  it  be  desired  to  examine  or 
cylinders  or  pistons.  The  slide-yalves  YV  are  driven  by  an 
nt  shaft  S,  worked  by  two  pairs  of  mortice  wheels,  one  at 
>f  the  engines :  an  arrangement  which  has  the  advantage  of 
comparatively  small  eccentrics.  Moreover,  as  the  valve 
lisposed  towards  the  front  of  the  engines,  as  shown  in  Figs, 
bis  arrangement  makes  them  very  accessible, 
rank-shaft,  Plate  45,  is  to  be  a  built  shafk,  and,  together 
screw  shafidng,  is  being  made  by  Sir  Joseph  Whitworth 
heir  flnid-compressed  steel.  The  shafdng  is  made  hollow, 
e  following  process,  which  mnst  ensure  perfect  soundness. 
(th  is  made  from  a  hollow  cylindrical  ingot,  which,  while 
Iten  state,  is  subjected  to  a  heavy  hydraulic  pressure,  thus 
the  exclusion  of  all  gases,  and  thoroughly  consolidating 
mass.  The  ingot  is  afterwards  re-heated  and  placed  on  a 
and  is  then  forged  and  drawn  by  hydraulic  pressure,  until 
elj  assumes  the  form  of  a  double-collared  shaft.  This 
n  the  writer's  opinion,  is  the  only  one  that  can  ensure 
nd  and  perfect  shafting.* 

eading  particulars  of  the  engines.  Figs.  6  to  8,  Plates  42 
«  as  follows : — 

are  three  high-pressure  cylinders  43  in.  diam.,  and 
-piessure  cylinders  86  in.  diam.,  all  6  ft.  stroke.  The 
of  the  crank-shaft  is  25  in.,  and  of  the  crank-pins  26  in. 
Ih  of  the  main  bearings  is  33j^  in.,  and  of  the  crank-pins 
lie  crank-shaft,  as  built  up  complete,  will  weigh  64  tons ; 
mi  made  of  iron  and  solid  the  weight  would  have  been 

The  propeller  shafting  is  24  in.  diam.,  and  the  hole 
1 14  in.  diamu  The  thrust  shaft  has  thirteen  collars,  39^  in. 
ring  a  surface  of  6000  sq.  in.  This  piece  of  shafting  will 
tons.  The  propeller  shaft  is  25  in.  diam.,  and  30^  ft.  long, 
wdgh  18  tons.  The  engine  bed-plate  will  weigh  100  tons. 
Kng  Bur£ftoe  of  the  condensers  CC,  Fig.  8,  is  17,000  sq.  ft., 


See  farther  particulars  in  diaoossion,  page  851. 

2e 
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equal  to  nearly  17  miles  of  iabing.  There  are  two  air-pnmpfi  AA, 
39  in.  diam.  and  3  ft.  stroke ;  and  two  double-acting  ciicnliting 
pumps,  26  in.  diam.  and  3  ft.  stroke ;  these  pumps,  and  the  feed  tad 
bilge  pumps,  are  worked  by  levers  attached  to  the  aft  and  iorwud 
engines,  as  shown  in  Fig.  8.  There  is  also  a  large  centrifdgi] 
pumping  engine,  which  can  either  be  used  for  pumping  heayy  lob 
or  can  also  discharge  through  the  condenser.  There  are  tliiM 
auxiliary  pumping  engines,  for  feeding  the  boilers,  for  bilge  pmnpiDg 
and  for  deck  purposes. 

Steam  is  supplied  by  eight  cylindrical  tubular  boilers,  fired  ton 
both  ends.  Figs.  6  to  9,  Plates  42  and  43.  Each  boiler  is  14  ftmeiii 
diameter,  and  19  ft  long,  with  a  steam  receiYer  13  ft.  long  and  4  ft 
diam. ;  and  has  six  furnaces  3  ft.  9  in.  diam.,  three  at  each  end, 
Fig.  9 :  so  that  there  are  forty-eight  furnaces  in  all.  The  fiie-biB 
arc  6. ft.  long,  giving  a  grate  surface  of  1080  sq.  ft.  The  shell  plittt 
of  the  boilers  are  of  iron,  supplied  by  Sir  John  Brown  and  Ca ;  ihej 
are  24  ft.  8  in.  long,  4  ft.  4^  in.  wide,  and  1^  in.  thick,  and  ^rei^ 
nearly  2^  tons  each ;  all  the  rivet  holes  are  drilled.  The  intenft 
parts  are  of  Bowling  iron ;  and  each  furnace  has  its  own  flepin^ 
combustion  chamber.  These  boilers  are  constructed  for  a  iroikiol 
pressure  of  90  lbs.  per  sq.  in. 

The  engines  are  intended  to  work  constantly  at  8,000  indioiiBC 
horse-power,  although  they  are  capable  of  developing  10,000  hone 
power  indicated. 

Internal  Arrangements. — The  general  arrangements  cl  ^ 
passengers'  and  officers'  quarters,  &c.,  are  indicated  l^  ^ 
longitudinal  section  and  plans,  Figs.  8,  4,  and  5,  Plates  40  aod  ^^ 
The  promenade  deck  carries  at  the  fore  end  the  saloon  skyli^ 
In  the  hurricane  deck-house  the  captain's  and  chief  officer's  ctH^ 
aro  placed,  close  to  the  steering-house  and  look-out  bridge,  80  & 
thoy  are  always  near  in  case  of  necessity.  Abaft  this  JB  * 
upper  saloon  companion,  and  abaft  this  again  the  large  qV' 
smoking  room,  which  is  a  novel  feature  in  this  ship:  it  heN 
thought  advisable,  in  view  of  the  large  number  of  paflsengtti^  ^  * 
two  smoking  rooms,  each  with  separate  stair  to  the  cabin  deck  ^ 
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after  deckhouse  is  a  deck  saloon  or  lounge  for  ladies,  wliicb 
fOl  be  fitted  up  in  the  most  elegant  manner,  and  will  prevent  the 
Moaaty  of  going  below  in  showery  weather.  Abaft  this  is  a 
oooipamon  leading  to  the  after  end  of  the  sleeping  cabins.  At  the 
fldes  of  this  hnrricane  deck  will  be  carried  twelve  lifeboats,  one 
of  iddch  will  be  fitted  as  a  steam  launch.  On  this  deck  are  also 
plsoed  the  capstans,  and  at  each  of  the  cargo  hatchways  are  the 
flteun-winches  for  working  the  cargo. 

On  the  upper  deck,  Fig.  4,  commencing  at  the  fore  end,  Plate  40, 

II  the  steam-windlass  for  working  the  anchors  and  cables ;  and  in 

file  compartments  on  each  side  of  the  bow,  acconmiodation  is  provided 

iir  the  crew  and  firemen.    At  the  after  end  of  the  turtle  deck  are 

lU  the  WBfihhouses  and  other  fittings  for  the  accommodation  of  the 

flnigtantB  in  the  forward  part  of  the  vessel,  together  with  cabins  for 

Ae  petfy  officers,  and  stores  &o.  for  the  ship.    Next  comes  the  upper 

■Imm,  or  drawing-room,  for  the  use  of  passengers.     This  apartment, 

idddi  will  be  fitted  up  very  handsomely  with  lounges  round  the  sides, 

iiin  Hie  form  of  a  wide  gallery  with  a  large  rectangular  opening  into 

fte  dining  saloon  below,  thus  giving  great  height  and  light  to  the 

litter  apartment.    Above  this  opening  is  a  large  skylight,  richly 

ttnimented ;  at  the  fore  end  will  be  a  grand  piano,  and  at  the  after 

md  the  grand  staircase  leading  to  the  dining-room  below.    Proceeding 

ift  ire  come  to  the  gallics,  sculleries,  bakery,  and  other  offices,  all  of 

vUdi  will  be  fitted  with  the  best  cooking  ranges,  &c.     N<ext  is  the 

Wo  smoking  room,  which  will  be  fitted  similarly  to  the  upper ;  the 

fVMling  of  these  rooms  will  probably  be  in  wainscot  oak,  the  floors 

^  in  mosaic  pavement,  and  the  upholstery  in  morocco  leather. 

Aliift  this  are  the  rooms  for  the  officers  and  engineers,  which,  being 

VBOptionally  large  and  lofty,  will  be  unusually  comfortable.    Under 

lifter  turtle  deck  is  the  accommodation  for  hospitals,  lavatories, 

idoiber  offices  for  emigrants,  who  aro  berthed  in  the  after 'tween 

Utt.  At  the  extreme  after  end  is  the  wheel-house,  where  will  be 

Imi  the  steam  steering-gear;  with  a  very  strong  hand  steering-gear, 

tohenaed  in  case  of  the  steam-gear  breaking  down.     The  steam-gear 

^1*  controlled  by  means  of  shafting  from  the  bridge ;  from  which 

«^^  be  also  a  telegraphic  communication,  should  it  bo  desired 

2  E  2 
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passaire  with  liiriro  sidc-liglit  at  the  end.  This  adds  gi 
ventilation,  liglit,  and  comfort  of  the  i)assengcrs.  The  1 
'tween  decks  is  9  ft.  Next  comes  the  grand  dining  saloon 
52  ft.  wide,  and  9  ft.  high,  or  17  ft.  in  the  way  of  the  la 
through  the  drawing-room  above.  This  opening,  snrmoi 
skylight,  forms  a  very  effective  and  elegant  relief  to  il 
flat  and  heavy  ceiling.  It  is  intended  that  the  paneling  anc 

I  shall  be  highly  artistic,  and  quite  unique ;   special  deei^ 

in  course  of  preparation.     There  will  be  three  large  ii 

j  small  dining-tables,  the  large  tables  being  arranged  longi 

the  central  part  of  the  saloon,  and  the  small  tables  at 
|lj  in  the  sides :  an  arrangement  that  will  enable  the  attenc 

more  readily  on  the  diners,  and  will  also  break  the  m< 
would  exist  if  all  the  tables  presented  long  continue 
people.  Each  diner  will  have  his  own  revolving  an 
accommodation  will  be  provided  for  seating  248  persons 
large  American  organ  will  be  fixed  at  the  fore  end  oi 
Opening  off  through  double  spring  doors  is  the  foot  o; 
staircase,  under  which  will  be  fixed  a  handsome  Americi 
bar  with  the  usual  fittings ;  beyond  is  the  saloon  pantrj 
communicate  with  the  kitchen  above  by  means  of  two  lifl 
On  each  side  of  the  vessel,  from  the  saloon  to  the 
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ne  ooonfiuriable  than  the  nsnal  ahips'  sleeping  berth.  The  inner 
omfl  are  fitted  with  the  ordinary  bed  places,  and  light  will  be 
mished  from  a  14-inch  side  scuttle. 

Amidships  are  placed  retiring-rooms,  baths  and  lavatories,  barber's 
hop^  &c.  Abaft  the  cabin  bulkhead  the  main  deck  is  fitted  for 
Jxmi  240  emigrants,  in  the  same  manner  as  for  those  forward ; 
iMommodAtion  is  therefore  provided  on  the  main  dock  for  500 
ndgnnis  in  aU.  Accommodation  can  also  be  provided  on  the 
loww  deck  for  1000  emigrants  more,  making  a  grand  total  of  1500. 
In  wij  of  the  engine  and  boiler  casings  will  be  fitted  up  the  mail 
room,  the  specie  room,  and  the  passengers'  luggage  room,  all  opening 
off  the  main  deck ;  and  along  the  sides  of  the  engine-room  will  be 
berlhi  for  the  saloon  stewards,  &c. 

In  concluding  the  description  of  this  great  steamer  it  may  be 
itiied  that  her  estimated  weight,  complete  and  ready  for  sea,  is 
8|000  tong,  and  that  her  displacement,  at  26  ft.  mean  draft,  is  13,500 
to;  BO  that  she  wiU  have  a  dead-weight  carrying  power  of 
^SOOtoDs,  The  cubical  contents  of  her  holds  will  give  her  a 
OMMoranent  capacity  of  7,720  tons,  at  50  cubic  feet  to  the  ton.  She 
isapecfced  to  be  ready  for  work  in  the  course  of  next  summer. 


Discumon, 

^.W.  BoTD  desired  to  congratulate  Mr.  Humphrys  on  the 
^"^^^k^  of  a  ship  which  would  no  doubt  be  a  magnificent  specimen 
^  ^  ship-builder's  and  the  engineer's  art.  He  wished  however 
*^  a  question  as  to  the  method  of  working  the  valve-gear.  As  a 
^  hd  thought  engineers  were  pretty  well  agreed  that  on  board  ship 
^'^  was  highly  objectionable,  where  it  could  possibly  be  avoided ; 
^  ^  appeared  to  him  that  other  methods  might  have  been  designed 
^etoating  the  valves,  which  would  not  have  been  open  to  the 
^^0118  believed  by  most  engineers  to  attach  to  gearing  on  board 
^    He  also  felt  some  surprise  that  the  boilers  should  have  been 
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oonstrnoted  of  iron,  and  not  of  the  excellent  steel  which  the  makezs, 
Sir  John  Brown  &  Co.,  were  capable  of  supplying.  In  &ct  he  had 
folly  beUeved  them  to  be  of  steel,  until  he  was  now  informed  that 
they  were  of  iron. 

Mr.  T.  Ormiston  had  recently  had  occasion  to  make  a  voyage  in 
the  Onen/,  which  was  bnilt  much  after  the  style  of  the  City  of  Borne, 
and  could  testify  to  its  excellence.  He  was  glad  to  see  thai 
shipbnilders  and  owners  were  following  the  example  of  the  Gnion 
Company  in  having  the  saloon  amidships.  He  was  rather  surprised 
that  in  the  City  of  Borne  it  was  not  so  much  amidships  as  it  mighi 
have  been,  because  the  rolling  and  the  pitching  would  be  therebj 
very  much  diminished,  besides  getting  rid  of  the  smell  of  cooking 
&c.  He  did  not  quite  catch  whether  the  ship  was  being  built  of 
iron  or  of  steel,  but  he  understood  it  was  of  iron.  He  had  once  ha^ 
the  opportunity  of  going  over  the  City  of  Brussels,  one  of  the  largest 
ships  then  afloat,  with  Mr.  Caird  who  built  her;  and  he  had 
remarked  how  very  strongly  she  was  built.  Mr.  Caird  replied, 
'*  Well,  we  find  that,  do  what  we  may,  when  we  come  to  such  long 
ships  as  this,  it  is  difficult  to  make  them  strong  enough,  and  i1 
seems  almost  time  that  some  other  efystem  should  be  adopted.' 
On  mentioning  the  matter  afterwards  to  Mr.  Scott  Bussell,  thai 
gentleman  said,  '^  That  proves  what  I  have  long  thought,  that  the 
system  adopted,  and  very  successfully  adopted,  in  the  Cheat  Eastern, 
is  one  which  shipbuilders,  when  they  come  to  build  very  long  ships 
will  be  forced  into  using." 

Mr.  E.  Heykolds  had  nothing  to  say  as  to  the  construction  of  the 
ship,  which  had  been  determined  upon  after  a  great  deal  oi 
consideration  by  persons  who  hsA  had  much  experience  in  th 
building  of  long  ships ;  but  he  rose  to  challenge  a  statement  made 
by  the  author,  that  the  particular  way*  of  making  shafts  whidi 
happened  to  be  now  in  fashion  was  the  only  way  of  getting  sound 
shafts.  He  did  not  wish  to  say  a  word  in  disparagement  of  the 
hollow  shafts  made  by  Sir  Joseph  Whitworth.  Those  which  he  had 
seen  exhibited  a  workmanship  which  was  beyond  all  praise.    Bat 
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lat  was  not  the  question.    He  might  say  for  himself  that  if  he  had 
looght  hollow  shafts  were  good  he  shonld  have  made  them  himself, 
id  not  waited  for  others  to  do  so.    It  was  true  that  a  great  many 
id  been  made  for  ships  of  war,  but  no  practical  experience  could  be 
anred  from  those,  because  the  first  that  had  been  made  were  not  yet 
i  wodc ;  bnt  all  experience,  and  even  all  natural  illustrations,  tended, 
B  ihonght,  to  show  that  hollow  shafts  were  wrong.     He  had  heard 
baws  given  as  an  illustration  that  Nature  used  the  hollow-shaft 
meiple.    Now  Nature  was  a  very  good  guide  if  men  tried  to  read 
tt  irigfat.    But  let  it  be  considered  what  a  straw  was.     It  was  the 
fled-oanying  port  of  grass,  and  it  grew  up  practically  solid  while  it 
Md  to  stand  the  winds  of  spring ;  but  for  two  or  three  weeks,  while 
b  oom  was  ripening,  the  shaft  became  hollow,  and  it  answered  its 
pupoee  Yeiy  well  in  fine  weather.    In  that  way  Nature's  operations 
im  always  economical.    But  could  anyone  quote  an  instance  of  a 
kflow  forest  tree,  which  had  to  stand  storms  for  centuries  ?  or,  if 
^  feiest  tree  became  hollow  by  age,  how  long  did  it  stand  ?    His  own 
fixperience  was  long  enough  for  him  to  have  had  it  as  part  of  his 
^  to  search  for  hollow  axles  on  railways,  and  remove  them  as 
dingeroiis.     Again,  when    the    eminent  firm  of   Whitworth    had 
inbodooed  hollow  box-framing  for  engineers'  tools,  a  certain  class 
of  engineers  tried  to  introduce  the  same  thing  in  steam-hammers. 
Bot  an  engineer's  tool  was  a  different  thing  from  a  steam-hammer : 
it  WIS  i  large  structure,  in  which  nothing  was  wanted  but  rigidity ; 
fa  strains  were    exceedingly  small   in   proportion  to  the  mass 
t^ble,  and  there  was  never  any  shock.    In  that  case  nothing 
^^  be  better  than  a  hollow  frame.    But  when  the  same  thing  was 
applied  to  steam-hanmier  frames,  there  came  a  difficulty.    No  steam- 
^•"tttter  with  hollow  cast-iron  frraming  ever  stood  severe  work ;  the 
^*^  broke  because  they  were  too  rigid.    A  band  of  unstrained 
^^^^foiil  about  the  neutral  axis  was  wanted  to  keep  the  whole  together, 
^  ^  sadden  fractures  would  take  place.    The  reason  why  cracks 
^^  not  immediately  fittial  in  solid  shafts  was  because  there  was  such 
^^^^^titl  about  the  neutral  axis,  and  therefore  the  failure  was  gradual 
^^  the  outside :  and  that  was  essential  for  safety.    A  15-ton  steam- 
^"^^^itt,  with  an  8-in.  solid  piston-rod,  would  stand  four  or  five  years ; 
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Irai  did  any  one  expect  thmt,  if  a  hole  4  in.  or  4j^  in.  diamwfai 
bored  down  it,  it  would  last  as  many  weeks?  Apartfrom  theg 
question  of  boUow  and  solid  shafts,  lie  oballenged  the  statemfli) 
the  particnlar  method  described  was  the  only  one  by  whidi 
foigings  could  be  got  sound.  He  could  show  in  his  own  Com] 
works  much  larger  mafwos  than  were  referred  to  in  the  paper, 
would  have  to  be  proved  sound,  and  he  was  confident  they  wo 
proved  so. 

Mr.  T.  Adams  understood  the  previous  speaker  to  cballeng 
statement  that  a  solid  shaft  would  not  stand  so  mudi  torsioDal 
as  a  hollow  shaft,  there  being  the  same  sectional  area  in  bott 
But  it  was  well  known  that  the  resistance  of  a  shaft  to  torsiQii ' 
as  the  cube  of  the  diameter.  Therefore  the  distance  from  the  c 
or  the  arm,  at  which  the  mean  resistance  would  act,  must  be 
greater  in  the  case  of  the  hollow  shaft  than  in  that  of  the  solid 
and  the  sectional  areas  being  equal,  the  resistance  of  the  li 
shaft  would  be  greater  in  the  same  proportion. 

With  regard  to  the  boilers  of  the  City  of  Bome^  he  certain] 
understood  that  they  were  to  be  made  of  steeL  He  had  hi 
honour  of  making  experiments  with  steel  for  boilers  for  the  Bo 
Trade ;  and  taking  the  steel  of  the  Steel  Company  of  Scotland, 
stood  at  the  head  of  those  experimented  upon,  the  proportion 
its  strength  bore  to  that  of  the  best  Lowmoor  plate  was  167  t 
Some  of  the  steels  tried  gave  however  a  proportion  of  only  ah 
to  100. 

Mr.  W.  S.  Hall  wished  to  point  out,  in  regard  to  i 
examples  of  hollow  structures,  that  there  was  never  any  toi 
strain  upon  a  straw  or  a  cane. 

Mr.  A.  Paobt  observed  that  a  friend  had  recently  sent  hin 
bamboos  from  Hong  Kong  for  some  spedal  work;  and  he  i 
feel  much  obliged  to  anyone  who  could  mention  any  other  natn 
artificial  production  which,  weight  for  weight,  had  the  same  sti 
and  elasticity  for  torsion  and  bending. 
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•  BsnroiiDS  explained  that  he  had  Dot  been  speaking  of 
fcrangih  against  torsion,  but  of  endurance  under  long 
seyere  strains. 

0.  Habshall,  looking  at  the  question  from  an  engineering 
iewy  should  like  to  call  attention  to  two  or  three  points 
aription  of  the  machinery  and  of  the  ship.  In  the  case  of 
r  that  class,  he  thought  the  question  of  a  twin-screw 
ut  might  have  been  more  favourably  considered.  To 
BTj  high-speed  vessel  depend  entirely  upon  one  pair 
I  seemed  to  him  to  be  rather  a  risk.  He  presumed 
phxys  would  say  that  hj  the  single-screw  arrangement 
iied  simplicity  of  construction  and  fewer  parts.  That 
ip  to  a  certain  point;  but  he  found  that  in  order 
mt  that  arrangement  the  designers  had  had  to  introduce 

rather  a  novelty  —  three  pairs  of  tandem  engines, 
itted  that  from  an   economical  point  of  view  it  would 

better  to  have  two  sets  of  engines  with  cranks  at  right 
BSngineers  were  pretty  well  agreed  that  the  tandem 
at  was  not  the  most  economical  form  of  compound 
quiring  as  it  did  something  like  l^lb.  more  steam  per 
an  the  ordinary  right-angled  arrangement.  He  did  not 
i  there  was  any  very  great  objection  to  the  double-crank 
nt  of  engine,  as  to  balance.  He  believed  the  arrangement 
i  adopted  in  the  Arizona,  the  Orient^  and  other  vessels, 
made  to  work  perfectly  well,  and  with  equal  balance. 
)sed  superiority  of  balance  however  appeared  to  be  the  only 
y  the  tandem  form  of  engine  had  been  adopted  in  the  City 

reference  to  the  point  to  which  Mr.  Boyd  had  called 
—the  question  of  the  introduction  of  gearing  for  driving 
B— he  believed  that  to  introduce  gearing  or  millwright  work 
WDBhip  (and  he  thought  all  marine  engineers  were  pretty 
Kd  on  the  point)  was  a  mistake;  for  every  tooth  introduced 
cue  of  the  wheels  was  an  element  of  weakness.  It  would 
^  that  the  whole  e£&ciency  of  the  engines  depended  upon 
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tlio  teeth  of  tho  wheels,  whether  of  wood  or  iron,  retaimng 
shape  in  the  first  place,  and  going  on  without  breaking  in  the  m 
place.  He  did  not  think  the  advantages  of  that  arrangement 
commensurate  with  the  great  risks  inyolved  in  it  As  to 
advantage  of  getting  small  eccentrics,  he  was  not  aware  that  a 
eccentric  was  a  radically  bad  thing. 

With  reference  to  steel  crank-shafts,  he  should  be  glad  i 
author  would  give  some  idea  how  the  shaft  was  built  up,  hoi 
cranks  were  secured,  how  the  crank-pins  were  secured,  and  hoi 
continuity  of  line  and  the  accuracy  of  centre  were  mainti 
There  was  no  question  of  more  importance  to  marine  engineen 
the  question  of  crank-shafts,  which  in  all  steam-yessels  were  a 
source  of  weakness,  and  of  possible  loss,  not  only  of  money  but  oJ 
Any  information  on  that  point  therefore  would  be  of  great  valoe 
he  believed  Sir  Joseph  Whitworth  &  Go.  were  entitled  to  : 
gratitude  for  having  introduced  the  principle  of  built  shafts.  0 
question  of  tho  hollow  shaft  he  thought  there  could  be  very 
doubt,  though  ho  thanked  Mr.  Reynolds  for  having  brought  them 
before  them.  At  the  present  moment  he  was  himself  introdi 
hollow  shafts  to  a  very  large  extent,  and  it  would  be  very  serk 
in  tho  trial  trips  they  should  be  found  to  give  any  trouble. 

With  reference  to  the  arrangement  of  centrifugal  pumps  s 
engine,  it  would  be  useful  to  know  why  Mr.  Humphiys  pref 
the  reciprocating  pump  for  the  purpose  of  driving  such  an  enoc 
volume  of  water  as  had  to  be  dealt  with  in  his  condensers,  inste 
a  centrifugal  pump,  which  gavo  a  more  continuous  flow  and 
extremely  simple  and  efifective.  As  to  the  boilers,  he  certainly  fl 
have  thought  that,  coming  from  Sir  John  Brown  &  Co.,  the  ] 
would  have  been  of  steel.  The  boilers  were  of  a  veiy  laigB 
nearly  but  not  quite  the  largest  ever  made,  and  it  would  be  usel 
know  how  the  shells  were  put  together,  and  whether  the  joints  (i 
as  he  understood  were  all  drilled)  were  lap  joints,  or  butt  job 
double-butt  joints. 

Mr.  HuMPHRYS  explained  the  building  up  of  the  crankHdist 
which  there  were  three,  all  in  line,  one  for  each  of  the  three  eog 
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lo  ooDstroction  was  shown  in  Figs.  12  and  13,  Plate  45,  which 
Dmented  one  complete  crank-shaft  built  np  of  its  five  separate 
eai.  The  double-collared  hollow  shaft,  described  in  the  paper  as 
2g  drawn  to  length  while  being  forged  on  a  mandril  by  hydraulic 
■ore^  was  afterwards  cut  into  two  half-lengths,  to  form  the  two 
ib^xillaied  pieces  AA,  which  were  bolted  to  the  collars  on  the 
omit  portions  of  theshaft.  The  two  crank  cheeks  or  webs  BB 
I  first  forged  solid  into  the  form  of  slabs,  and  then  a  small  hole 
bared  at  each  end,  and  enlarged  by  being  forged  on  a  mandril 
ed  on  suitable  supports;  thus  ensuring  that  the  metal  was 
ougbly  worked  in  the  most  important  part.  The  cheeks  were 
rvttrda  shrunk  and  keyed  on  the  shafts  AA,  as  shown  in  Fig.  13. 
hollow  crank-pin  C  was  drawn  to  length  while  forging,  in  the 
B  mftimer  as  the  pieces  AA,  but  was  not  keyed  into  the  cheeks 
Bpedal  arrangements  had  been  made  for  heating  the  cheeks  BB 
»gM  furnace. 

The  details  of  the  mode  of  putting  together  were  not  yet  finally 
kd,  pending  the  result  of  experiments  now  in  progress;  but 
SiDoeB  were  being  schemed  for  ensuring  absolute  certainty  as  to  the 
fti  being  dead  true  when  put  together.  At  present  the  work  in 
•gnss  was  the  manufacture  of  the  separate  pieces  for  the  crank-  shafts. 

lEr.  JoHH  BoBiKSON  said  his  first  impression  had  been  that  the 
kn  were  made  of  what  he  himself  called  "  ingot  iron,"  since  it  could 
wdy  be  called  steel ;  and  he  was  surprised  to  hear  that  they  were  not. 
fliooght  there  must  have  been  some  difficulty,  not  known  to  him,  to 
veot  the  adoption  of  such  material  as  that  now  made  by  Sir  John 
«n  &  Co.,  the  Steel  Company  of  Scotland,  and  others.  Apparently 
mid  be  a  great  advantage  to  reduce  the  thickness  of  the  plates,  and 
ndoce  the  great  danger  of  fracture  in  rolling.  Plates  for 
nnotiYe  boilers,  carrying  150  lbs.  pressure,  could  be  safely  used 
di  thinner  than  those  described  in  the  paper ;  those  plates  were  of 
RDous  size,  but  he  believed  Sir  John  Brown  &  Co.  and  others 
e  quite  capable  of  making  ingot-iron  plates  of  the  same 
kensioiis;  and  as  to  the  material  which  they  could  supply,  he 
Bt  say  he  had  neyer  met  with  any  plates  that  would  stand  a 
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higher  test  or  that  were  of  more  even  mannfactiire.  He  had  al 
plates  from  the  Landore  Works  that  wore  equally  good.  He  i 
comparing  one  works  with  another,  hnt  ^he  was  comparing  oi 
Yorkshire  plates  with  a  material  of  much  more  eren  qnali 
invariably  standing  a  much  higher  test.  He  therefore  wished 
Mr.  Humphrys  why  there  had  been  any  hesitation  about  iu 
the  boilers  of  steamships  such  plates  as  those  made  at  the  m 
which  he  had  referred. 

Mr.  Daniel  Adamson  rose  as  an  engineer  to  put  the  matter  h 
Mr.  Keynolds  and  Mr.  Adams  a  little  more  clearly  before  the  m 
according  to  his  own  view.  So  far  as  the  discussion  had  gone, 
not  appear  that  the  matter  of  hollow  or  solid  shafts  had  bee 
altogether  in  the  hands  of  Mr.  Humphrys  and  the  shipbn 
company.  According  to  his  own  experience  the  purchaser  fntji 
said  to  the  builder,  "  I  am  going  to  pay  for  the  ship,  and  I  will  < 
many  of  the  vital  conditions  myself,  and  run  all  the  risk  as  I  ti 
the  responsibility."  But  apart  from  this,  the  work  put  upon  a  1 
shaft  could  be  better  understood  and  depended  upon  under  al 
circumstances.  The  interior  of  a  solid  shaft  was  rarely  coosoli 
The  press  would  probably  consolidate  better  than  the  hammer, 
hammer  bruised,  where  the  press  would  send  its  foroe  into  thee 
and  when  with  the  press  was  combined  the  effect  of  the  mandzil 
the  hollow  shaft,  he  thought  that  from  an  engineering  and  medi 
point  of  view  there  could  be  no  hesitation  as  to  preferring  the  1 
shaft.  He  thought  the  subject  was  not  exhausted  hj  i 
examining  what  was  best  for  a  shaft  which  had  to  bear  toraion 
was  only  half  the  question.  According  to  his  experience,  mora 
broke  down  by  a  shock  when  the  crank  was  on  the  centre,  than  1 
torsion  of  the  engine.  There  was  often  a  hole  in  the  veiy  oeo 
a  so-called  solid  shaft  One  of  John  Brown  &  Go.*8  shafts  of 
made  for  a  blowing  engine  that  he  had  oonstmcted  some  ten 
ago,  and  forged  too  cold  and  under  a  light  hammer,  had  1 
before  it  had  fairly  got  to  work,  and  it  was  found  to  have  a  1 
the  centre  3  in.  diam.  Had  it  really  been  a  hollow  ahafi^  the 
fioK^turer  would  have  detected  this  unsoundness. 
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used  a  great  variety  of  steels,  including  that  of  the  Steel 

Qy  of  Scotland,  and  he  fonnd  them  all  good  in  their  way  and 

»ial  purposes;  but  because  they  were  good  for  the  purpose  for 

thoy  were  selected,  was  it  fair  to  say  that  they  were  superior  to 

)  productions  of  the  country  ?    He  would  ask  the  members  to 

▼er  all  the  tests  that  had  been  published  in  this  country,  and 

they  could  tell  the  best  steel  simply  from  the  mechanical 

ions.     And  when  it  was  known  that  the  addition  to  the  steel  of 

cent,  of    carbon  and  manganese  would   double   the    tensile 

;th  and  take  off  two-thirds  of  the  ductility,  it  was  certainly 

il  to  take  into  consideration  rather  what  the  material  was,  than 

it  was  made.    He  quite  agreed  with  Mr.  Eobinson  that  no 

works  could  be  found  than  those  of  John  Brown  &  Co.,  to 

f  a  metal  that  was  exactly  what  was  wanted,  for  those  who  knew 

bo  ask  for. 

I  to  the  selection  of  the  class  of  engine  for  the  ship  described  in 
tper^  he  could  not  conceive  any  better  arrangement  than  to  have 
pairs  of  tandem  engines  to  work  at  high  velocity,  with  great 
ndty^  with  a  natural  balance,  and  without  a  pound  of  unbalanced 
freight.  The  whole  arrangement  appeared  to  him  to  guarantee 
cmity  of  action,  and  hence  great  durability,  considering  the 
Bt  of  material  employed.  He  questioned  whether  the  right- 
1  engine  was  as  economical  as  the  tandem  compound  engine 
properly  constructed.  But  there  were  a  thousand  conditions  to 
km  into  consideration,  and  he  was  sure  a  week  would  not  suffice 
noM  them  properly. 

ie  regretted  that  the  boilers  were  not  made  of  what  he  would 
iH  ingot-iron,  but  would  rather  suggest  should  be  called  ingot- 
L  Compare  the  analysis  of  this  metal  with  that  of  Low  Moor 
--not  common  iron,  although  common  iron  contained  only 
mmds  that  were  exceedingly  valuable  when  wisely  used  for 
V  pnrpoaea :  thus  the  much-abused  Middlesbrough  metal  might 
ttde  to  have  a  higher  tensile  strength  than  the  purest  Swedish 
Bat  let  them  take  the  best  Yorkshire  iron,  from  any  of  the  great 
s  in  Yorkshire,  whose  iron  varied  only  in  some  small  elements, 
id  the  control  of  anyone.    K  that  Yorkshire  metal  were  analysed, 


oi  uccKit'iiis  m  worKiug,  sucii  as  iiaa  lately  tanen 

lie  was  suri)riscHl  that  Mr.  Tfobinson  had  not  yean 

uiclal  for  his  locomotive  hoilers  ;  but  now  he  appcii 

"  :■  himself  that  the  metal  in  question  had  greats 

malleability,  and  greater  ductility,  when  prop4 

the  best  puddled  irons.    But  when  great  disasteri 

'-'^  as  to  alarm  even  those  best  acquainted  with  the 

..-  h  surprised  that  the  owners   of  such  a  magnifioei 

enormous  ship  which  had  been  described  shoD 
',  i'  using  a  material  of  which  they  themselyes  could  n 


■it 


Mr.  David  Gbeig  had  attended  the  meeting 
purpose  of  getting  some  information  on  the  quesi 
was  sorry  to  find  discussions  still  going  on  uji 
had  really  been  solved.  What  was  wanted 
that  would  make  better  boilers  than  the  metal  < 
wanted  a  boiler-making  material,  and  they  ] 
could  now  get  a  material  which  was  reliable  to  1 
gave  no  troublo,  and  did  not  produce  half  the  was 
Therefore  to  see  ships  of  such  a  class  as  the  oi 
paper  being  made  of  iron  was  most  disheart 
|i  ;  1^  heard  of  steel  boilers  being  tested  in  Glasgow,  anc 

;  ;  I  -nrfiGanrA  •  it  tviiB   ATI    nnfnrhinftfft    fw»r»Tirr«ti«fl-    Innt 


.  ■       ■     ■ 
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rpriong ;  the  responsibility  of  such  a  course  was  very  great,  and 
d  reeponsible  should  look  all  round  before  coming  to  a  decision 
1  ftny  question.  It  was  true  that  a  great  deal  had  been  done  with 
L  boilers,  but  those  had  been  boilers  within  the  ordinary  limits  of 
ni&ctore,  not  boilers  of  large  steamers  with  very  high  pressures. 
I  diSerenoe  between  ordinary  f-in.  or  ^in.  plates  and  the  1^-in. 
bes  required  for  such  high  pressures  was  very  great.  Under  present 
ditioDB  he  did  not  think  it  would  be  prudent  to  put  steel  plates 
boflers  of  the  magnitude  they  were  now  considering.  He  had  often 
1  Aal  iron  was  doomed ;  but  where  the  interests  involved  were  so 
and  the  experience  so  limited,  it  would  in  his  opinion  be 
to  make  an  experiment  of  the  magnitude  contemplated. 


Mr.  BQBDrsoK  wished  to  add  that  he  had  had  some  experience 
thick  plates  made  of  ingot  metal,  in  locomotive  engine-frames. 
I  firm  had  ordered  such  plates,  and  the  firm  in  Sheffield  already 
ided  to  bad  sent  a  material  1  in.  thick,  of  which  he  should  have 
n  very  well  content  to  make  boilers.  The  tests  applied  to  those 
fees  gave  quite  as  high  results  as  the  tests  for  the  plates  of  -|^  in. 
\  in.  thickness,  used  for  making  boilers.  He  should  have  confidence 
nfiore  in  making  large  boilers  of  ingot  metal  1  in.  thick,  and 
■idered  there  would  be  no  need  to  make  the  thickness  1^  in., 
■ose  the  tensile  resistance  of  the  ingot  metal  was  greater,  and 
nfixre  the  plates  might  be  thinner. 

Hi.  E.  J.  Cowling  Welch  said  the  plates  to  which  Mr.  Bobinson 
bled  had  given  a  tensile  strength  of  27  tons  per  sq.  in.,  with 
^pereent.  elongation,  and  the  section  of  the  metal  at  the  point  of 
•etnre  showed*  a  reduction  of  area  of  52  per  cent. ;  the  fracture  had 
fae  fibrous  appearance.  The  strain  was  put  on  by  hydraulic 
fv  at  a  slow  rate,  taking  fifteen  minutes  to  break  the  specimen ; 
Aat  it  gave  the  fairest  possible  test.  A  number  of  experiments 
I  been  made  with  plates  by  various  makers,  and  there  had  been 

difficulty  at  all  in  getting  steel  plates  which  would  give  much 
I  trouble  in  manipidation  than  iron  ones.  In  fact  now-a-days 
t  Torkshire  plates  could  not  be  got  with  any  certainty  that  they 


856  BTEAM-8HIP   *' CITT  OF  BOMB."  Ac 

could  bo  flanged  without  splittiiig  up,  or  that  if  a  hole  were 
the  punchiDg  could  not  be  split  into  two  parts.  The 
Yorkshire  plates  were  getting  worse  and  worse,  while  stc 
were  getting  better  and  better.  There  was  no  difi 
manipulating  steel  plates,  when  properly  understood.  1 
not  had  a  bad  one  during  the  whole  year,  while  they  had  h 
of  Yorkshire  plates  rejected  at  a  great  loss. 

Mr.  F.  C.  Marshall  asked  permission  to  refer  to  some  e 
of  his  own  with  reference  to  the  use  of  very  thick  iron  ] 
illustrating  the  remarks  of  Mr.  Adamson  and  Mr.  Cramp 
had  made  some  boilers  eleven  years  ago,  which  he  belie' 
the  largest  ever  made — 16  ft  6  in.  in  diameter,  and  23  ft  I 
having  ten  furnaces.  Those  boilers  were  at  work  to  tiu 
day;  and  he  understood  from  the  owners  of  the  yessel, 
Guion  of  Liverpool,  that  they  were  in  as  good  conditioi 
day  on  which  they  were  put  in.  They  were  iron  boi 
together  with  butt-straps,  everything  being  as  carefully 
possible.  Those  boilers  were  a  fair  specimen  of  what  coulc 
with  iron  boilers;  he  should  therefore  have  no  hesitation 
what  Mr.  Humphrys  had  proposed  to  do  with  his  vess 
plates  he  referred  to  were  1^  in.  thick,  and  they  were  at 
two  vessels — the  Wyoming  and  the  Wisconsin.  But  he  0 
that  it  would  have  been  no  experiment  to  introduce  sted 
boilers  of  a  vessel  such  as  that  under  consideration, 
constantly  making  steel  boilers  with  plates  ranging  £rom 
to  If  in.  He  had  not  yet  made  a  steel  boiler  1  in.  ihi<^ 
shells  of  the  boilers  in  qnestion  would  have  been  only  - 
steel.  Therefore  Mr.  Humphrys  would  at  any  rate  hav 
25  per  cent,  in  the  weight  of  the  shells.  He  had  at  first  be* 
the  impression,  on  reading  the  paper,  that  Mr.  Humph 
introduced  steel  in  the  shells,  and  Bowling  plates  in  the 
parts  of  the  boiler.  Some  engineers  were  doing  so,  but  he  n 
as  the  result  of  his  experience,  it  was  a  mistake.  He  hac 
which  had  been  at  work  ever  since  Lloyd's  had  consentei 
introduction  of  steel  into  steam  vessels,  now  more  than  ti 
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and  to  ibia  day  the  scale  made  in  tbe  original  rolling  was  not  off 
rndde,  either  on  the  fomaces  or  the  shell-plates ;  and  the  boilers 
perfectly  tight. 

Ir.  £•  BsTNOLDS  wished  to  say  a  word  of  explanation  with 
enoe  to  the  bnilding  np  of  steel  cranks.  He  had  probably  made 
)  than  anyone  else,  and  he  conld  state  that  there  was  no 
mLiy  whatever  in  getting  them  true.  Of  seven  that  had  been 
away  a  month  or  two  ago,  only  one  required  the  centres  to  be 
led  after  being  put  together ;  and  of  eight  in  hand  now,  only 
had  required  it,  and  that  because  they  had  large  projecting  bosses 
Qe  aide.  The  scrapings  did  not  amount  to  more  than  one- 
bedlh  of  an  inch.  With  regard  to  keying,  he  might  mention 
ha  had  one  shaft  which  had  been  at  work  two  years  without  any 
I  at  all  in  the  crank-cheeks  or  crank-pins. 

Ir.  C.  E.  CowPEB  desired  to  make  a  suggestion  with  regard  to 
nomenclature  of  the  metals  under  consideration.  Year  after  year 
idgeet  had  come  up,  and  they  heard  such  expressions  as  "  what 
D  iteel,'*  and  "  what  I  call  ingot  iron,"  yet  they  had  no  means  of 
bigmshing  the  varying  degrees  of  hard  and  soft  ingot  metals, 
m,  when  a  person  spoke  of  "  mild  steel "  it  was  not  known  how 
1  it  might  be ;  and  when  another  said  he  did  not  like  steel 
aae  it  was  too  brittle,  it  might  be  answered  that  some  steel  was 
Qsl  as  soft  as  iron.  Why  should  not  such  confusion  be  avoided 
die  general  adoption  of  a  simple  series  of  numbers,  say  from 
1  to  No.  10,  according  to  the  proportion  of  carbon  ?  The  hardness 
fkA  depended  chiefly  upon  carbon,  varying  of  course  to  some 
■it  with  the  amount  of  other  ingredients,  such  as  manganese. 
tmke  steel  had  0*5  per  cent,  of  carbon,  and  it  might  be  called 
k  S.  Hard  steel,  containing  1  *  0  per  cent,  of  carbon,  would  be 
^10,  and  very  soft  steel  No.  2.  K  those  numbers  were  used,  it 
xdd  not  matter  whether  the  metal  were  called  ingot  steel,  ingot 
A,  or  ingot  metal. 

2  F 
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The  President  could  not  allow  the  discnssion  to  end  wit 
saying  he  was  a  little  disappointed  that  steel  had  not  been  i 
liberally  used  in  this  ship.  He  hoped  the  next  8000-ton  ship  1 
in  Barrow  would  have  boilers  of  steel,  and  also  bo  built  of: 
steel,  always  supposing  that  a  sufficient  supply  of  the  materiil 
forthcoming,  which  he  felt  sure  would  be  the  case.  Such  i 
would  be  lighter,  stronger,  tougher,  and  altogether  better, 
experience  was  amply  sufficient  to  show  that  boiler  plates  cool 
got  of  good  mild  steel,  and  he  rejoiced  that  the  Admiraltj 
doing  so  well  with  steel  ships  and  boilers. 

Ho  was  sorry  there  had  been  no  discussion  as  to  the  use  of 
decks,  which  increased  the  strength  amazingly,  making  the  sh^ 
a  Teritable  box-girder. 

Mr.  HuMPHBTS  said  in  reply  that  some  exception  had  been  I 
to  the  uso  of  gearing,  for  driving  the  shaft  which  carried  the  eceei 
of  the  slidc-yalyes  of  the  engines.  Many  reasons  had  induced  i 
to  adopt  that  mode  of  working,  and  he  thought  they  had  the 
possible  warrant  in  the  experience  of  years  in  all  directions;  i 
were  hundreds  of  instances  where  vessels  had  been  driven  hj  get 
and  in  thousands  of  instances  where,  in  large  cotton  mills  and  lo 
mills  and  all  sorts  of  places,  gearing  had  been  used  with  sn 
and  without  the  slightest  risk.  Besides,  everyone  knew  that  i 
of  wheels,  if  the  teeth  were  perfectly  constructed,  would  ' 
almost  absolutely  without  noise,  especially  if  one  were  made  of 
and  the  other  of  wood.  He  thought  therefore  that  they  nee^ 
trouble  themselves  at  all  as  to  the  success  of  employing  gearis 
that  purpose,  moix)  especially  as,  in  order  to  make  assurance  di 
sure,  they  had  put  a  pair  of  the  wheels  at  each  end  of  the  engti 
that  if  one  pair  were  carried  away  they  would  stilT  havf 
other  pair  left. 

There  had  boon  a  great  deal  of  discussion  on  the  employnu 
iron  plates  for  the  construction  of  the  boilers,  as  against 
There  again  of  course  they  had  had  a  great  number  of  maktl 
guide  them.    It  was  not  a  question  of  the  owners'  desire  a1 
because  the  whole  matter,  the  design  of  the  ship,  the  design  c 
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■,  and  all  the  details,  had  been  left  in  the  hands  of  the  Barrow 
nlding  Company.  They  had  been  led  to  nse  iron  in  the 
action  of  the  shells  of  the  boilers,  because  they  had  found  very 
mily  in  piactice  that,  notwithstanding  the  greatest  care  taken  in 
taniifactore  of  heavy  marine  boilers,  and  notwithstanding  the 
ig  ihem  an  engineering  job  and  not  a  boiler  job — all  the  plates 
drilled  and  shaped,  hardly  having  a  smith's  hammer  put  upon 
-notwithstanding  all  that  care,  and  also  notwithstanding  the  fact 
sfixre  the  boilers  were  passed  in  the  shop  they  had  to  be  absolutely 
om  leakage,  they  still  found  that  there  was  a  tendency  to  leak  in 
mgitudinal  seams.  That  was  a  very  di£Scult  thing  to  get  over, 
lerefore  they  had  thought  it  advisable  to  limit  the  number  of 
odinal  seams  to  two.  To  do  that  they  required  plates  of 
tional  length ;  and  in  consultation  with  Sir  John  Brown  &  Go. 
irere  strongly  advised  by  them  to  adopt  iron,  as  they  said  they 
roU  the  iron  plates  in  their  armour-plate  mill  of  any  size  or 
it^  and  would  be  able  to  ensure  an  excellent  material.  That 
nent  had  been  fully  verified  by  the  cuttings  which  had  been 
in  all  directions,  showing  that  the  metal  was  absolutely  sound. 
had  been  guided  to  adopt  the  iron  plates  for  the  purpose  of 
Dg  a  more  sound  and  beautiful  piece  of  engineering  work — ^he 
1  not  call  it  boiler  work.  The  members  would  have  an 
ttonity  in  the  afternoon  of  seeing  the  details  of  the  work,  and 
it  had  all  been  put  together,  which  would  be  much  better  than 
leHriptioin  he  could  give.  -V. 

La  obeervation  had  been  made  with  regard  to  the  saloon  not 
S  80  near  the  centre  of  the  vessel  as  it  might  be.  He  might 
fion  that  the  pioneers  of  the  system  of  midships  saloons  were 
White  Star  Oompany';  and  he  desired  to  take  that  [opportunity 
tying  a  tribute  to  Messrs.  Harland  &  Woolf  for  the  very  excellent 
(ngODfi&ts  of  their  White  Star  vessels.  The  reason  that  had 
ttBoned  the  position  of  the  saloon  in  the  City  of  Borne,  was  that 
I  cagbojes  and  boilers  had  to  be  placed  in  a  certain  position,  not 
^fawiid,  because  the  weights  must  be  somewhere  near  the  centre 
^  lonel;  and  that  of  course  obliged  them  to  get  the  saloon  to 
P^ioit  finrwaxd  of  the  boilers.  ^On  examining  one  of  the  White 
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Star  boats,  it  would  be  fomid  that  the  saloon  of  the  City  ofJBme,  is 
consequence  of  the  extreme  length  of  the  yessel,  was  relatively  noaier 
midships  than  it  was  in  those  boats. 

Some  observations  had  been  made  bj  Mr.  Ormiston  as  to  tbe 
risk  which  might  be  ran  in  dealing  with  vessels  of  that  immense 
size,  and  how,  notwithstanding  all  that  could  be  done,  such  TOfisek 
could  not  be  made  strong  enough.  He  desired  to  take  exoeption  to 
that ;  he  thought  thej  could  be  made  strong  enough,  and  that,  if 
proper  consideration  wore  given  to  the  workmanship,  they  mi^^t  be 
made  with  great  safety,  and  not  occasion  the  least  alann:  tte 
Atlantic  might  do  its  worst,  but  it  would  never  start  a  butt  or  a 
rivet  in  the  work.  He  was  glad  to  say  that  the  system  which  bid 
been  adopted  in  the  present  case  seemed  to  be  able  to  ensure  tbit 
degree  of  safety,  because  the  vessels  built  upon  that  system  had  nerer 
shown  the  slightest  symptom  of  weakness. 

On  the  question  of  the  hollow  shaft  he  had  expressed  his  vievB  i& 
the  paper ;  and  he  thought,  as  a  matter  of  common  sense,  wbere 
there  was  a  hollow  ingot  to  start  with,  which  had  been  first  aquBOfi 
out  to  a  hollow  tube,  then  put  upon  a  mandril,  and  then  sqneexed 
again,  outside  and  inside,  a  degree  of  soundness  was  ensured  wbicb 
could  not  be  got  by  any  process  of  hammering  a  solid  shaft.  Bnt 
irrespectively  of  that,  he  thought  there  was  a  decided  advantage  in 
the  hollow  shaft  He  expected  more  elasticity  from  it  He  thoQ^ 
many  a  solid  shaft  in  large  steamers  had  broken  from  its  ^ 
rigidity.  The  continual  vibration  of  the  vessel,  where  there  W 
a  solid  iron  shaft,  might  cause  a  fracture ;  but  the  slight  elastici^  o^ 
the  hollow  shaft  might  meet  that  difficulty. 

They  had  had  of  course  to  consider  the  question  of  the  siDj^^ 
screw  against  the  twin  screw ;  and  after  weighing  all  the  proi  ao^ 
coH^y  looking  at  the  necessities  of  the  trade  and  the  dookiBg 
arrangements,  it  had  been  deemed  safest  and  most  prudent  to  adop^ 
the  single  screw.  With  regard  to  the  question  of  the  three  tandflO 
ougiues  as  against  the  other  types,  he  thought  they  had  been  wi00  ^ 
adopting  that  system.  They  had  three  engines  all  intezcbaogeaU^ 
so  to  say ;  so  that  any  spare  gearing  that  might  be  oanied  wai 
applicable  to  each  of  the  engines.    Thej  tlflo  had  modexito-^i''^ 
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rlinden,  eftdlj  controlled ;  and  there  were  a  variety  of  considerationB 
om  the  mann&ctarer's  point  of  view  which  recommended  that 
item  to  them  in  preference  to  any  other.  So  far  as  their 
perienoe  had  gone,  they  had  reason  to  "believe  that  better  results 
d  been  obtained,  in  an  economical  point  of  view,  from  the  tandem 
gifie  than  would  have  been  obtained  from  any  other  type,  although 
I  Aoug^t  there  was  not  much  to  choose  between  them. 

He  had  been  asked  why  they  had  adopted  reciprocating  pumps. 
Ihj  had  had  considerable  consultation  with  the  owners,  who  had 
ftflr  expressed  a  desire  that  the  pumps  for  circulating  water  in 
•  condenser  should  be  actuated  by  the  engine  itself ;  and  there 
feiied  to  be  no  objection  to  that  plan,  so  far  as  their  own  views 
■»  concerned.  They  had  a  large  number  of  such  engines  working 
17  mtisfiKstorily,  and  there  was  no  risk  about  the  matter,  so  long 
I  the  valves  and  the  discharge  were  made  large  enough.  The  design 
M  supplemented  by  a  large  centrifugal  pump,  which,  in  the  event 
[  ai^thing  happening  to  the  reciprocating  pumps,  could  send  water 
aoai^  the  condenser. 

There  was  one  other  important  matter,  which  as  a  shipbuilder  he 
MJKd  to  bring  forcibly  before  the  steel  makers  present.  The 
Hitioii  had  been  asked, "  Why  do  you  not  build  vessels  of  steel 
ted  of  iron?"  He  fully  admitted  the  superiority  of  steel;  but 
hr  illy  it  was  a  matter  of  pounds,  shillings,  and  pence.  The 
hfowner  was  a  merchant^  and  he  regarded  his  ship  as  a  machine 
tWnging  him  a  return  for  the  capital  invested  in  it.  If  he  was 
ti  ttat  he  could  have  a  vessel  of  much  more  perfect  material,  he 
rovU  reply,  *^  It  may  be  so ;  I  am  not  a  professional  man,  and  do 
Btukderstand  the  matter ;  all  I  know  is  that  Lloyd's  and  the  Board 
f  Tnde  give  me  all  I  desire  as  to  certificates  at  present ;  I  do  not 
tttiie  advantages,  but,  supposing  they  exist,  what  is  to  be  the  cost  ?'' 
barait  then  be  informed  that  the  cost  would  be  somewhat  greater, 
M^ttit  he  would  have  to  pay  so  much  more  per  ton  of  goods  carried ; 
vA  if  80,  he  would  say  the  game  was  not  worth  the  candle.  Nor 
^>^  it  be  so  until  the  price  of  steel  assimilated  to  that  of  iron 
Mineirly  than  it  did  at  present.  When  that  was  the  case,  steel 
^ironld  be  built  uuiversaUyi  but  not  till  then. 


The  Adjourned  Meeting  was  held  in  the  T 
on  Wednesday,  4ih  Angost,  1880,  at  Ten  o'dod 
CowPKB,  Esq.,  President,  in  the  chair. 

The  following  paper  was  read : — 
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ON  THE 
HiBMATITE  IRON  MINES  OP  THE  PUENESS  DISTBICT. 


St  Mb.  J.  L.  SHAW,  of  Dalton-in-Fubness. 


The  Iron  Ore  Mines  of  this  district,  as  shown  in  the  general 
'  ilm,  Pig.  1,  Plate  46,  are  comprised  within  an  area  of  eight  miles 
ftom  east  to  -west  and  five  miles  from  north  to  south :  including  the 
MiTlam  district  in  Cumberhmd,  which  is  separated  from  Pumess 
hj  the  I>iiddon  sands,  though  the  rock  formation  in  which  the  mines 
•le  flitnated  is  continuous. 

The  mines  of  the  district  are  entirely  in  the  Mountain  Limestone, 
though  the  iron  ore  is  not  cxclusiyelj  confined  to  that  formation. 
The  mountain  limestone  (see  the  plan  and  section.  Pigs.  1  and  2)  is 
bounded  on  the  north  hj  Silurian  claj  slates,  and  on  the  south  by  the 
Permian  sandstone :  the  limestone  is  also  overlain  on  the  south  by  an 
area  of  about  three  square  miles  of  Yoredale  shales,  which  dip  under 
the  Permian  sandstone.  The  limestone  dips  a  few  degrees  south  of 
east  to  the  east  of  Haume  Hill,  nearly  south  at  Stank,  and  in  a 
westerly  direction  to  the  west  of  Haume  EEill ;  the  centre  of  upheaval 
being  evidently  the  porphyritic  rocks  of  Oreenscow  Crags,  Pig.  2. 

Besides  the  great  faults  alluded  to  in  the  Government  Geological 
Surrey  of  the  district  (on  one  of  which  Parkhouse  mine  is  situated), 
Hiere  is  another  class  of  dislocations  within  the  mountain  limestone 
f<»mation.  With  these  a  greater  number  of  the  largest  bodies  of  ore 
is  connected  than  with  the  main  faults.  Their  bearing  is  west- 
north-west,  and  they  dip  towards  south-south-west  at  an  angle  of  very 
nearly  45^  These  *' slides"  or  '< cheeks"  are  indicated  in  the  drawing, 
Yig-  3,  Plate  47,  and  may  be  seen  in  the  mines  at  Lindal  Moor, 
Dalian,  Stank,  Askam,  and  Hodbarrow.  The  slide  at  Stank  mines  is 
psrtieiilarly  obseryable,  while  at  Hodbarrow  mines  the  dislocation 

at  the  extreme  east  end  and  traverses  the  whole  of 
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the  mines  in  a  wesi-norih-wesk  diiection;  thus  fonning  as  it  ir&c 
the  yerj  backbone  of  these  extensiYe  bodies  of  ore. 

Besides  these  greater  dislocationSi  the  mountain  limestone  is  e^ 
np  by  other  and  more  nnmerons  divisional  planes;  these  bower- 
the  author  has  always  looked  on  as  being  merejoints,  and  not  haTix 
the  character  of  real  dislocations^  althongh  they  may  cany  veins 
ore,  or  "  ginnels,"  as  these  are  generally  called  in  the  district.  Tl 
bearing  of  these  latter  joints  corresponds  Teiy  nearly  with  C 
magnetic  meridian. 

The  dislocations  and  joints  were  in  all  probability  the  precorsa 
of  the  iron  ore  deposits ;  the  dislocations  haying  been  formed  in 
basins  of  ore,  and  the  joints  into  "  ginnels,"  by  the  action  of  waft 
charged  with  carbonic  acid  and  iron,  the  latter  probably  derir^ 
from  the  skte  rocks,  as  stated  l^  Mr.  Wurzbarger  in  the  Jomnal 
the  Iron  and  Steel  Institute,  Feb.  1872,  p.  142.  Althongh  the  anib 
does  not  think  the  theory  of  the  fonnation  of  iron  ore  to  be  as  ]^ 
folly  inyestigated,  yet  he  belieres  this  aqneons-chemical  theory  to  ' 
by  far  the  most  reasonable  one. 

He  has  already  remarked  that  the  iron  ore  in  the  distiict 
confined — though    not  exclnsively — ^to  the  pnre    limestoneu     TI 
thickneas  oi  this  is  not  mnch  more  than  about  120  yards ;  at  tb 
depth  it  becomes  impure,  and  passes  into  more  impure  and  coani 
beds  of  schist,  grit,  and  oonglomerafte. 

The  basins  of  iron  ore  do  not  exceed  1000  yards  in  their  giesie 
length,  that  being  the  length  of  the  largest  basin  at  Hodbarra 
mines,  with  a  width  of  430  yards.  There  are  two  other  basins  at  ti 
same  mines,  of  300  yards  by  100  yards,  and  500  yards  by  250  ysr 
respectiyely.  These  deposits  are  all  more  or  less  continuous,  t^ 
thickness  of  ore  in  the  largest  basin  being  100  feet. 

The  deposit  next  in  sixe  is  at  Park  mines,  550  yards  long  fr^ 
east  to  west,  and  averaging  200  yards  wide.  The  basin  at  Asis 
mine  is  430  yards  long  and  250  yards  wide.  At  Lindal  Moor  tici 
IB  an  almost  continuous  basin  for  a  length  of  1500  yards  from  mr-z 
west  to  south-east,  between  the  limestone  and  the  dayndate  fannst^L 
with  a  width  of  about  100  yards  at  the  greatest;  together  -« 
numerous  other  deposits.    Stank  mine  has  been  opened  oat    ^ 
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mgth  of  770  yaidfl  along  the  ''  cbeek  "  or  slide  mentioned  above  ; 
k  greatest  horizontal  width  is  not  mnch  more  than  80  yards,  though 
han  are  nmneroos  ofbhoots  north  and  south  from  the  main  vein. 
Re  temaining  <*  sops  "  or  basins  in  the  district  are  from  a  very  few 
fttds  in  size  up  to  100  yards,  and  the  "  ginnels  "  vary  from  2  feet  to 
iboQl  20  f eet  in  width. 

Tlie  depth  of  these  basins  below  the  surface  varies  from  about  10 
Uonis  to  about  60  fiftthoms,  never  greatly  exceeding  the  latter 
Igne.  There  is  an  exception  at  Stank  mine,  where  the  ore  is  being 
M^ed  at  100  fathoms  depth;  but  this  in  the  author's  opinion  is 
irineipally  because  the  limestone  only  begins  at  a  depth  of  about 
BO  fiithonis,  being  overlain  to  that  depth  by  Yoredale  shales ; 
iUe  in  the  rest  of  the  district  the  limestone  is  immediately  under 
tfb  superficial  cover.  The  depth  of  the  cover  varies  between  about 
S)  fset  and  83  fathoms,  the  latter  being  the  depth  at  Hodbarrow 
linaB.  This  was  a  very  treacherous  cover  to  sink  through,  consisting 
^  nmch  of  quicksand. 

The  quality  of  the  ore  also  varies  considerably.  It  is  divided 
nio  two  great  classes,  the  harder,  which  is  got  by  blasting,  and  the 
softer,  which  is  got  by  the  pick  only.  The  proportion  of  metallic 
inA  in  the  ore  varies  between  50  and  65  per  cent.  Bars  of  stone 
4  bodies  of  '^muck,"  consisting  of  sand  and  clay,  occur  in  the 
^ponts ;  the  stone  being  in  general  connected  with  the  harder  ore, 
lid  the  muck  with  the  softer  variety. 

The  ore  is  generally  worked  height  after  height  from  the  top 
i^'imwazds,  as  shown  in  Figs.  3  and  4,  Plate  47 ;  the  main  <'  soles" 
^  lerels  LL,  Fig.  8,  being  from  5  fathoms  apart  as  at  Hodbarrow 
■Sneiy  to  10  &thom8  apart  as  at  Park  mines.  Fig.  3  shows  a  gin 
it,  nmk  about  6  fathoms  below  the  top  of  the  ore.  Levels  LL  are 
Kiven  from  the  shaft,  leaving  a  ''  sump  "  for  gathering  the  water, 
boot  6  ft.  deep.  '*  Bises  "  BB  are  then  put  up  to  the  top  of  the 
^  tnd  from  the  tops  of  these  rises  workings  are  driven  out  on 
^UveL  The  method  employed  is  first  to  drive  to  the  fsuihest 
Bnd,tiid  then  to  rob  the  ore  backward.  As  the  ore  is  removed,  tho 
f^^niA  lubsideB  graduallyi  crushing  down  the  wood,  which  assists  in 
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keeping  back  the  clay,  sand,  or  gravel  from  the  next  bmght 
workings  below.  The  ore  is  bogied  or  trailed  to  the  rises,  in  wl 
hoppers  are  placed  for  receiving  it.  From  thence  it  is  drawn 
the  shaft  by  manual  labour,  horses  not  being  employed  in  H 
mines. 

The  next  height  is  worked  downward  firom  the  floor  of  the  ii 
height,  and  is  worked  in  a  similar  manner ;  and  so  on  with  the  oil 
heights,  until  the  main  level  is  worked  down  upon.  The  size  of  < 
workings  varies  in  general  from  6  feet  wide  by  7  feet  high  to  10  f 
by  10  feet 

Fig.  5,  Plate  47,  is  an  ideal  plan,  showing  a  basin  of  ii 
ore,  with  position  of  shaft,  levels,  and  rises.  In  practice  i 
workings  rarely  approach  the  regularity  here  shown ;  Hodbin 
mine  is  worked  more  nearly  in  this  way  than  any  other  xniBC 
the  district.  Very  little  importance  is  attached  by  the  writer  to 
idea  sometimes  expressed  of  the  iron  ore  having  a  north  and  bo 
bearing ;  the  result  of  his  experience  being  that  the  iron  ore  d^ 
in  general  lie  on  west-north-west  dislocations,  as  already  stated, 
as  shown  by  the  strong  dotted  line  across  the  workings  in  Fi( 
The  lighter  dotted  lines  outside  the  basin  represent  sobordii 
joints  or  divisional  planes,  with  which  the  "  ginnels  "  of  the  disl 
in  general  correspond,  as  shown.  The  bearing  of  these  joints 
nearly,  though  not  exactly,  corresponds  with  the  magnetic  no 
but  it  is  clear  that  they  must  have  existed  before  the  ore 
deposited  at  alL 

Fig.  4,  Plate  47,  shows  the  original  shaft  abandoned,  and  a : 
permanent  shaft  sunk,  in  the  limestone,  to  get  the  ore  below  the 
level.  The  method  of  working  is  similar  to  that  given  above, 
the  largest  bodies  of  ore  however,  where  bars  of  stone  and  b 
of  "  muck  *'  are  absent,  the  workings  are  driven  in  a  more  rcj 
lino  than  in  the  gin  pits ;  and  cross-cuts  are  put  out  from  the 
levels,  leaving  pillars  four  to  five  fathoms  square.  There  nu 
several  of  those  levels  in  a  mine,  pillar  being  kept  under  pill 
much  as  possible.  These  pillars  are  finally  worked  out  ii 
manner  given  above,  namely  by  going  to  the  farthewt  end, 
robbing  them  backward. 
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In  the  mines  worked  in  the  harder  yarietj  of  ore  however,  where 
ihb  ore  has  been  yezy  hard  and  difficult  to  get,  main  roads  and 
mikingB  have  in  some  instances  been  driven,  and  then  *^stoped" 
^  to  the  roof  or  oover,  leaving  four-fathom  pillars,  which  have 
Ime  allowed  to  crush  down :  the  ore  has  then  been  more  readily 
vvkied. 

The  first  shafis  sunk  are  worked  either  by  a  horse  gin  or  by  a 
ileim  engin&  By  the  time  the  ore  above  the  first  main  sole  is  worked 
ndf  the  second  shaft  has  been  completed ;  and  as  the  first  one  is 
(BMtally  within  the  influence  of  the  broken  ground,  it  is  allowed  to 
coUapse,  as  shown  in  Fig.  4.  When  an  engine  pit  has  been  started 
Imraver,  it  is  generally  arranged  to  place  it  out  of  the  influence  of 
Ab  dng  on  the  ground.  When  sunk  in  the  limestone,  these  shafts 
hrt  many  years,  in  fcust  as  long  as  they  are  required.  The  size  of 
tteihalfai  varies  from  4j^  feet  square  to  15  feet  by  7  feet  One  bogie 
lAof  016  18  generally  raised  at  a  time,  though  at  Hodbarrow  mines 
liDhogieB  are  raised  at  once. 

The  ore  has  also  been  worked  by  means  of  open  workings,  as  at 
Cko^giles  and  Martin ;  a  thickness  of  80  feet  of  superficial  cover 
Mag  first  been  removed.  This  has  proved  a  very  cheap  method  of 
vodoogthe  ore. 
j  The  mines  are  generally  worked '  in  two  shifts  of  eight  hours 
^  but  in  some  cases  the  whole  three-thirds  of  the  twenty-four 
km  are  utilised.  Bock-boring  machines,  worked  by  compressed 
>v,iie  pretty  largely  employed  in  the  district,  not  for  getting  ore, 
^riueh  in  general  is  too  full  of  joints  and  other  cavities  to  be  worked 
iafids  manner,  but  for  driving  or  sinking  in  the  limestone ;  in  this 
fttf  efB9ct  a  very  considerable  saving  in  time  and  cost. 

The  timber  used  in  the  pits  is  generally  larch,  though  Norway 
Utt  is  also  used,  at  least  for  prop  wood.  In  Plate  48  are  shown 
*>ib)08  of  the  working,  explaining  the  mode  of  timbering.  Fig.  G 
Wiluiiptiidinal  section  of  a  main  road  or  driftway,  7  ft.  high  and 
^  ft>  wide,  as  seen  in  cross  section  in  Fig.  8.  A  course  of  timber 
^1*^  of  two  forks  A  A,  averaging  6  in.  diam.,  supporting  a  headtroe 
B  d  mme  sise ;  llie  forks  are  *'  collared "  or  shaped  to  fit  the 
"'^^^^  and  the  latter  is  '^  nogged  "  with  wooden  plugs  E  to  keep 
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tho  forks  in  their  places ;  or  in  some  cases  iron  **  dogs "  are  n 
for  the  latter  purpose.  In  order  to  keep  loose  material  from  &Di 
into  the  workings,  ''spiles"  or  slabs  of  timber  CC  are  dnim 
lengthwise  aboye  the  headtrees ;  they  are  generally  4^  ft.  loog 
1  in.  or  1^  in.  thick.  Spiles  D  D  are  also  driven  in  sometn 
at  the  sides,  behind  the  forks ;  but  generally  only  in  the  lod 
portions  of  the  deposits.  Sole-trees  are  seldom  used  in  the  mina 
the  district ;  and  where  they  are  nsed  they  are  not  laid  acroa 
floor  of  tho  driftway,  but  lengthwise  under  the  forks.  In 
longitudinal  section  of  the  working,  Fig.  7,  the  forebreast  F  is  ib 
as  being  worked  10  ft.  high:  the  forks  are  here  7  ft.  high, 
in  general  8  to  10  in.  diam.,  and  the  headtrees  are  9  ft  k 
the  spiles  are  driyen  above  the  headtrees  at  an  angle,  as  she 
and  the  overlying  weight  soon  crushes  them  down  flat  on 
headtrees.  In  the  transverse  section,  Fig.  8,  is  shown  the  c 
section  of  a  30  ft.  pillar ;  one  third  of  the  pillar  has  not  yet  1 
worked,  the  next  third  is  in  process  of  working,  and  in  the  remiii 
third  the  working  is  seen  in  the  act  of  collapsing  after  the  rem 
of  all  the  ore. 

The  quantity  of  ore  got  per  day  by  each  man  enqolc 
underground  varies  firom  one  to  three  imperial  tons,  according  to 
quality.  The  output  from  different  mines  varies  from  100  ton 
1000  tons  per  day;  the  gross  output  £rom  the  Fumess  diit 
exclusive  of  MiUom,  amounts  to  very  nearly  1,000,000  toos 
annum. 

The  manner  of  making  trials  for  ore  is  both  by  sinlring  trill 
and  by  boring.    Formerly  the  usual  method  was  by  sinking 
pits ;  but  as  the  workings  became  deeper  it  was  found  neeoMir 
employ  boring ;  and  this  system,  either  with  chisel  borers  or 
the  diamond  drill,  has  of  late  years  been  the  common  one. 

The  engines  used  in  the  district  for  drawing  ore  are  geni 
horizontal  high-pressure  engines,  though  in  some  oases  oooda 
engines  are  used.  In  general  they  are  not  of  greater  power  thi 
to  30  horse-power.  The  pumping  engines  are  for  the  mort  pi 
the  Cornish  construction,  having  cylinders  up  to  70  in.  diamefeei 
80-in.  engine  is  being  constructed  at  Stank  mine  at  the  p 
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im,  bat  tbout  40  in.  is  perhaps  the  most  nsoal  size.  The  greatest 
qott%  of  water  raised  firom  one  mine  does  not  exceed  2200  gallons 
permmnte. 

The  district,  being  of  a  somewhat  hilly  natnre,  has  enabled  adits 
to  be  drifen  in  a  few  places,  as  at  Whitriggs  and  Parkhonse ;  thereby 
mmg  pomping  to  a  height  of  26  fathoms  at  the  former  mines,  and 
Mfcthoms  at  the  latter. 


Dtscusnon. 

Mr.  Edwabd  Wadhah  said  it  might  be  interesting  to  the  members 

^  Imrn.  a  little  as  to  the  nncertainty  of  working  iron  mines  in  the 

^^Qiness  district.     Of  all  the  mineral  deposits  with  which  mining 

engineers  had  to  deal,  there  was  nothing  so  uncertain  as  hsematite 

iitm  ore.    As  described  in  the  paper,  it  lay  in  joints  and  fissures  of 

the  limestone  rock,  and  at  the  divisions  between  the  limestone  and 

Qie  daynslate  rock  below,  and  between  the  limestone  and  the  new 

ved  aaidstone  rock  above.    As  shown  by  the  diagrams,  the  method  of 

^V'crtiDg  was  necessarily  very  irregular.     The  diagrams  gave  no 

^siggeiated  picture ;  in  fact  they  were  a  little  within  the  truth.    In 

the  fint  instance  the  ore  was  sunk  upon,  where  it  had  been  discovered 

^^wliere  it  was  supposed  to  lie,  by  means  of  a  horse-gin ;  but  in  many 

'i^tteoes,  even  at  the  present  time,  a  still  more  primitive  method  of 

piOfing  the  ore  was  resorted  to,  namely  by  a  jack-roll  and  a  skip. 

-"^  eflEect  of  working  the  iron  ore,  owing  to  the  strata  above  not 

^^^bk^  really  strata  but  drift,  was  that  when  the  ore  was  taken  out 

^*^  snz&oe  collapsed,  as  shown  in  the  diagram,  and  the  pits  got  out 

^  ahape.    It  might  occur  to  many  to  ask,  "  Why  do  you  not  sink  a 

'^'^iii  shaft  at  once,  and  save  the  expense  of  sinking  these  temporary 

^^^fis,  which  have  to  be  abandoned  ?  "     If  the  iron  ore  deposits  were 

^^^'^tified,  that  would  be  a  proper  argument ;  or  if  there  was  anything 
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by  which  to  form  any  reasonable  idea  where  the  iron  ore  wai, 
what  was  its  quantity,  the  argnment  would  still  be  perfectly  con 
But  they  were  obliged,  in  working  hsBmatite  iron  ore,  to  feel  their 
as  they  went  on ;  and  until  they  were  satisfied  that  they  hid  g 
deposit  worth  the  cxx>ense  of  a  rock-shaft  and  machinery,  it  wu  i 
economical  to  work  with  temporary  shafts,  and  thus  asoertiiii  1 
they  were  really  going  to  get.  The  gin-shaft  was  ''snnk  dowi 
about  10  fathoms  below  the  surface ;  then  they  first  of  all  droYe 
a  horizontal  heading  to  prove  the  extent  of  the  ore.  At  the  en 
this  heading,  where  the  ore  was  found  to  be  cut  off  by  the  limee 
rock,  a  rise  was  put  up  right  to  the  top,  and  ftom  the  top  of  thai 
another  horizontal  heading  was  again  driven  out  to  the  rock, 
ore  was  then  taken  off  layer  after  layer,  and  gallery  by  gallery,  i 
they  came  down  to  the  first  heading,  which  served  as  a  main 
during  the  time  of  working  with  the  gin-shaft. 

The  whole  of  the  ore  above  that  heading  was  thus  taken  out, 
the  timber  was  allowed  to  interlace  itself  and  collapse,  and 
superincumbent  drift  to  fall  down  upon  the  timber,  causing 
surface  to  break.  Upon  that  broken  surface  it  frequently  happ 
that,  in  consequence  of  the  rainfall,  ponds  of  water  accumulated, 
might  be  supposed  that  it  would  be  dangerous  to  have  these  p 
just  overhead,  while  the  mines  were  being  worked ;  but  there  mu 
much  danger  in  it,  because  a  large  amount  of  the  surface  gn 
consisted  of  clay,  which,  mixing  with  the  water,  formed  a  ntt 
puddle,  and  made  a  water-tight  bottom  to  the  ponds.  As  a  mM 
fact,  those  ponds  had  very  seldom  given  any  trouble ;  and  as  eooi 
it  was  found  that  there  was  any  leakage  from  them  into  the  mi 
special  pimips  were  put  down  to  pump  the  water  away  at  the  Bid 
and  leave  the  top  clear. 

The  engine-shaft  in  the  diagram  was  merely  shown  upon  iti  i 
operation.  It  was  sunk  down  to  a  certain  depth  below  where  ike 
had  been  worked  out ;  then  ^  the  main  road  was  driven  out  firoD 
shaft,  and  the  operation  he  had  mentioned  of  getting  the  oie 
repeated.  During  the  time  this  working  was  being  carried  0B| 
operation  of  further  sinking  the  shaft  was  also  carried  fonrazdi 
the  driving  out  of  the  next  level  below  was  also  going  on ;  lO 


.880.  7UBNE88  IBON  MINES.  371 

time  they  had  exhausted  the  upper  section,  they  were  ready  to 
iking  off  another  section  below ;  and  so  on,  until  they  found 
torn  of  the  basin.  This,  he  was  happy  to  say,  they  had  often 
nble  difficulty  in  doing ;  for  it  sometimes  happened  that  a  pit 
OQmmenced  with  being  only  10  fftthoms  deep  ended  with  being 
120  fftthoms  deep.  The  whole  deposit  was  so  uncertain  that 
impossible  for  any  one  to  lay  down  beforehand  any  plan  by 
I  partioular  mine  could  be  worked. 

night  be  well  to  explain  why  the  main  shaft  was  sunk  down 
K)  fathoms  all  at  once,  and  then  a  rise  put  up  again  from  the 
level  to  work  the  ore  aboye  ;  why  they  did  not  rather  drive 
h.  time  from  the  shaft,  and  take  out  each  successive  layer  by  a 
»*heading.  If  a  fresh  heading  were  driven  out  each  time 
he  shaft,  they  would  have  each  time  a  dead  drivago  to  get 
h  at  starting,  since  all  the  limestone  in  the  heading  would 
)  be  got  out  each  time  for  no  profit.  As  it  was,  the  shaft  alone 
own  in  the  limestone,  and  the  ore  was  taken  out  by  means  of 
lade  in  the  ore,  which  paid  as  the  work  wont  on.  It  was  thus 
loonomical  to  sink  the  shaft  and  drive  out  from  it  in  the  way 
id  been  described. 

te  mode  of  arranging  the  timber  was  shown  in  Plate  48 ;  and 
forking  out  the  first  level  they  let  down  the  spiling-boards 
Ml  these,  with  the  dSbris  as  it  came  down,  formed  a  roof  under 
they  drove  for  the  next  level.  Each  level  was  close  under  the 
love,  and  the  roof  of  the  upper  level  all  settled  down  during  the 
if  working  out  the  lower. 

be  Pbxsidxnt  observed  it  was  mentioned  in  the  paper  that  some 
>  gmnels  ran  very  nearly  on  the  magnetic  meridian.  Of  courso 
•  understood  that  it  was  not  magnetic  ironstone;  but  the 
Mot  might  lead  a  reader  to  imagine  that  there  was  something 
Btie  about  it.    It  was  probably  only  an  accidental  circumstance. 

r.  Wabham  replied  that  jn  the  Fumess  district  it  was  found 
neial  veins  took  more  or  less  the  direction  of  north  and  south ; 
le  luematite  iron  ore  was  in  no  way  magnetic 
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Mr.  G.  GocHBANE  noticed  a  statement  in  the  paper  in  refenne 
to  the  depth  at  which  the  ore  was  found,  namely  that  at  Sin 
mine  *'  the  limestone  only  begins  at  a  depth  of  aboot  I 
fathoms,  being  overlain  to  that  depth  by  Yoredale  shales."  I 
would  ask  whether  this  did  not  offer  some  encouragement  to  ae 
for  red  ore  beneath  the  Yoredale  shales,  where  it  had  not  hiflM 
been  explored.  It  was  evident  that  the  deposits  of  ore  had  tik 
place  in  the  limestone  before  the  Yoredale  shales  were  deposited. 

Mr.  Wadhah  replied  that  the  experiment  at  Stank  wu  f 
first  that  had  been  carried  out  to  prove  whether  the  ore  eoA 
beneath  the  Yoredale  shales.  These  shales  had  formerly  been  ftk 
for  coal  shales ;  and  in  the  old  records  of  the  manor  of  FumeaB  Am 
was  a  statement  to  the  effect  that  an  owner  of  land  had  been  fined 
the  lord's  court  for  sinking  a  coal-pit  in  his  own  Luid  withool  f 
lord's  permission :  that  was  near  to  the  Stank  mine.  There  was 
record  of  any  coal  having  been  found  in  the  Yoredale  shales; 
believed  however  there  was  a  seam  of  coal  which  might  be  deteet 
by  a  microscope,  found  lying  between  two  beds  of  shale. 


Mr.  SoHNEiDEB  said  that  the  Barrow  HsBmatite  Co., 
anxious  to  ascertain  practically  what  was  the  real  fSsMSt  with  regud 
the  Yoredale  shales,  had  bored  a  hole  400  fathoms  deep,  but  tfa^h 
only  found  one  or  two  fragments  of  coal ;  eventually  they  aitif 
at  limestone.  There  could  be  no  doubt  that  the  remark  made  I 
Mr.  Wadham  was  perfectly  true, — that  they  knew  nothing  whii0i 
at  present  as  to  the  real  value  of  the  district ;  they  only  knew  id 
they  had  actually  got.  He  was  one  of  those  who  thought  there  t 
yet  a  very  great  deal  to  be  found  that  they  had  never  yet  dreanii 
Nothing  was  so  uncertain  and  deceptive  as  the  iron  ore  depos 
The  most  encouraging  ventures  had  ended  in  disappointment^  i 
the  most  discouraging  trials  had  ended  in  supreme  snooess. 
Stank  mine  for  instance,  they  had  sunk  for  coal  and  found  iron  fl 
It  was  a  very  remarkable  fact  that  the  "  old  men  "  who  made  piU 
Stank  a  hundred  or  more  years  ago  (no  one  now  could  tell  wlies 
was  done)  had  sunk  two  pits  twenty  yards  from  each  other.    Tb 
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wv  00  reaKm  why  in  the  present  working  tbej  shonld  themselves 

kie  tried  one  of  these  pits  rather  than  the  other,  except  that  one 

fn'iietrer  the  main  road,  and  therefore  they  had  not   so  far  to 

tmj  the  material.     Now  if  they  had  snnk  in  the  further  pit  they 

would  ne?er  have  found  Stank  mine.     They  sank  in  the  nearer,  and 

eme  down  into  iron  ore,  after  going  through  limestone  a  very  few 

Jiids;  but  if  they  had  sunk  in  the  further,  they  would  have  gone 

dotn  55  &thomB  in  solid  blue  limestone  without  a  trace  of  iron  ore ; 

die  shaft  would  then  have  been  abandoned,  and  Stank  mine  would 

not  now  be  in   existence.     The   same   thing  might  be  said  with 

n&ience  to  Park  mine,  which  had  been  very  discouragiug  for  a 

grett  number  of  years ;  at  last,  when  it  was  all  but  being  abaudonccl, 

ttey  were  told  by  the  landlord  that  if  they  did  not  make  one  more 

trill  they  must  give  up  the  lease.    He  himself  almost  despaired ;  but 

k  then  put  down  a  shaft  in  what  appeared  to  be  the  most  unlikely 

phoe  in  the  oountiy,  and  succeeded  in  meeting  with  the  ore.     They 

^  been  working  at  that  spot  ever  since  1849,  and  from  a  length  of 

^  jirds — ^the  entire  length  of  the  deposit  was  550  yards,  but  150 

Jiids  belonged  to  a  neighbouring  mine-owner — they  had  already 

'^iaed  seven  million  tons  of  iron  ore.    The  slate  rock  there  came 

down  at  an  angle  of  about  45  degrees  and  under-cut  the  mine ;  and 

at  that  end  which  might  be  called  the  north,  because  it  was  the 

frrthest  to  the  north,  the  ore  was  only  6  fathoms  from  the  surface ; 

bvt  400  yards,  to  the  south  it  was  25  fathoms  from  the  surface ; 

iMiier  the  surface  there  was  nothing  but  drift. 

There  was  a  very  remarkable  feature  in  Park  mine,  which  was 

'^'orthy  of  notice.    In  the  centre  of  the  mine  there  was  a  space  of 

^knt  100  yards  wide  by  200  yards  long,  which  was  entirely  drift — 

P^y  decomposed  sandstone,  or  what  they  called  *'  black  muck,"  and 

I'^Hly  white  sand,  so  good  and  pure  that  they  were  raising  100  tons 

*  Week  for  use  at  the  blast-furnaces.    The  ore  lay  all  round  this 

P^Udi  of  drift    The  depth  at  which  the  mine  was  now  worked  was  60 

^Qioinsy  and  there  the  size  of  the  patch  was  reduced  by  two-thirds, 

^Hd  there  were  already  indications  at  the  greatest  depth  that  the  ore 

^^  going  dean  under  the  patch,  so  that  at  the  next  depth,  70  fathoms, 

*^  hoped  to  find  the  drift  altogether  gone.    There  was  also  another 

2q 
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remarkable  thing  at  Park,  namely  that  at  a  short  distance  to  tk 
south-west  there  were  other  large  pots,  ont  of  which  thej  hid  nmi 
hundreds  of  thousands  of  tons  of  ore.  At  a  distance  of  300  or 
400  yards  again  to  the  west,  there  had  been  one  of  the  most  pramiang 
discoveries  that  had  taken  place  of  late  years — a  vein  opening  out 
in  the  middle  of  the  rock  like  a  fork.  It  was  difficult  to  work,  and 
it  was  an  expensive  place  to  make  experiments  in ;  they  had  therdoie 
been  cautious  in  not  spending  too  much  money  until  they  knew  tbt 
the  place  was  worth  working ;  but  it  appeared  as  if ,  in  connection 
to  a  certain  extent  ^nth  Park  mine,  they  were  going  to  have  for  some 
hundreds  of  yards  a  regular  vein  of  iron  ore,  quite  different  fton 
the  deposit  found  at  Park,  which  was  a  solid  mass  with  nothiog 
like  rock  between  it  and  the  surface.* 

Mr.  Daniel  Adamson  said  that,  the  paper  having  pointed  ont  die 
geological  conditions  under  which  the  iron  ore  had  been  depodtad, 
he  thought  they  might  safely  come  to  the  conclusion  that  the  vbole 
deposit  had  been  formed  since  the  formation  of  the  day-slate.    YtfJ 
few  geological  changes  appeared  to  have  taken  place  in  the  FnnM* 
district,   compared  with  those  in  some  other  places.    Taking  tbe 
geological  period  £rom  the  old  red  sandstone,  the  ore  seemed  to  bft^ 
been  deposited  all  through  the  period  of  the  carboniferous  fonnatioa 
and  the  magnesian  limestone ;  and   it   had  clearly  ended  with  tbe 
beginning  of  the  formation  of  the  new  red  sandstone.    Hpioe  tW 
must  not  be  surprised  to  find  it  in  large  quantities,  and  exceeding 
peculLir  in  its  mode  of  deposit.     It  appeared  to  him  that  after  ^ 
day-slate  had  been  thrown  down,  and  while  the  mountain  limestoM 
was  being  deposited,  the  next  upheaval  would  neoeasarily  canj  vp 
the  limestone,  leaving  fissures  here  and  there,  both  laterally  ^ 
longitudinally ;  for  the  rounded  earhce  must  necessarily  have  occnpi^ 
a  greater  space  than  before,  the  originally  deposited  floor  (if  hemip^ 
so  call  it)  being  lifted  up  on  the  mountain  side ;  and  hence  it  wov" 
leave  crevices  open,  to  be  filled  up  with  depositB  of  sooie  sort   JtiAffH 
from  the  recorded  appearances  of  the  limBstone  ilBel^  he  tboo^  ^ 

*  For  further  details  on  thi«  rabjeet,  see  Mr.  BchMlda^s  TCMBfca  bil0W,  p.  9^^ 
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I  Tory  clear  that  this  was  not  a  case  of  faults  tlirough  the  rock, 
tier  by  upheaval  or  depression;  but  that  during  the  period  of 
podt  there  had  been  a  considerable  amount  of  water  action,  as 
Bstrated  by  the  rounding  off  of  comers  in  eyery  direction. 
He  quite  concurred  in  the  statement  of  Mr.  Schneider  that 
was  very  difficult  beforehand  to  estimate  the  extent  of  the  deposits, 
to  measnre  their  importance  in  any  way.  They  could  judge  of 
em  oomparatively,  if  from  that  immediate  district  they  passed 
to  another,  where  the  formation  must  certainly  have  been  much 
ieker  and  less  disturbed.  He  would  refer,  for  instance,  to  the 
OB  section  of  the  country  from  Manchester  to  the  east  coast.  - 
igiiming  at  Shef&old  on  the  coal  measures,  and  passing  to  the  east, 
1  that  great  district  must  certainly  have  been  below  water-level, 
d  subject  to  a  general  depression.  There  a  series  of  coal  seams 
IB  found  interlaced  with  sand,  together  with  other  indications, 
owing  that  there  had  been  a  series  of  drift  deposits  between 
A  seam  of  coal,  resulting  in  a  comparatively  stratified  rock. 
I  &e  ridge  at  Woodhead  it  was  clear  that  the  deposits  must  have 
A  formed  at  about  the  water-level,  and  that  afterwards  the  strata 
■t  have  been  quietly  depressed  throughout  the  whole  geological 
nod,  without  any  violence,  but  not  with  uniform  regularity.  And  if 

0  ^mid  did  not  come  down  with  uniform  regularity,  there  were 
i&ces  that  there  might  be  breaks  and  ruptures  which  would  lead 
» erevioes,  even  at  the  latest  period  just  previous  to  the  formation 
f  flie  new  red  sandstone.  He  thought  they  might  consider  that  the 
liole  of  that  time  must  have  been  an  iron-depositing  age,  because 
'  ftit  period  in  the  history  of  the  earth  they  had  the  whole  series 
inn  ores,  especially  those  in  North  Staffordshire,  showing  that  iron 
Bit  then  have  been  abundant  in  one  shape  or  another.  Coming  to  the 
vied  sandstone  formation,  overlying  the  iron,  coal,  and  magnesian 
Mrtone  deposits,  the  iron  period  had  not  yet  passed  away,  because 
so  were  several  places  where  the* new  red  sandstone  contained  as 
di  as  20  per  cent,  of  iron,  and  at  other  places  it  might  range  from 
^  10  or  12  per  cent ;  hence  it  was  manifest  that  at  that  time  the 

1  had  not  oeased^to  be  deposited,  but  that  it  was  intermixed  with 
rget  qpaB&iy  of  dlioeous  or  other  matter. 

2  o  2 
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The  moTmtain  limestone  and  the  Toredale  rooks  liad  been  sq 
to  a  great  deal  of  wear  and  tear  by  water,  and  had  the  greatest  crei 
and  were  therefore  likely  to  contain  the  largest  deposits.  Loc 
at  the  formation  of  the  rocks  in  this  way,  he  thought  they  won] 
most  likely  to  find  the  ore  directly  below  the  new  red  Bsndf 
where  in  that  district  the  earth  might  haye  been  oompanti?i 
peace  for  some  time,  and  the  deposit  might  haye  taken  place 
considerable  areas  jost  before  the  great  period  of  the  nei 
sandstone  deposit.  It  was  clear  from  Mr.  Wadham's  ezplio 
that  there  conld  be  no  means  of  judging  of  the  ore  deposits  fnn 
lithological  character  of  the  rocks  themselves,  the  whole  being 
disturbed  a  condition. 

Mr.  J.  L.  Shaw,  in  reply,  obserred  there  conld  be  no  donb 
that  iron  was  a  very  important  constituent  in  almost  all  i 
De  la  Beche  in  his  researches  gave  the  proportion  of  iron  in  all : 
as  averaging  2  per  cent. ;  and  5j^  per  cent,  in  the  lowest  stn 
rocks,  to  which  the  claynslate  belonged.  For  his  own  part  he  i 
opinion,  seeing  that  iron  was  such  an  important  constitaent  ii 
earth's  crust,  that  it  was  hardly  necessary  for  practical  men  to  ] 
upon  any  particular  formation j  or  body  of  rocks,  to  account  forn 
the  iron  came  from.  Taking  into  consideration  chemical  agenei 
conjunction  with  the  important  element  of  time,  it  seemed  to 
hardly  necessary  to  suppose  immense  springs,  or  the  ocean  Itf! 
charged  with  iron ;  for  it  had  been  observed,  he  believed  lij 
Charles  Lyell,  that  in  such  cases  a  little  force  acting  for  a  loDgi 
might  be  equivalent  to  a  great  force  acting  for  a  limited  time. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Shawftr 
paper,  which  was  carried  by  acclamation. 


The  following  remarks  by  Mr.  Schneider  upon  the  itf0  * 
progress  of  Barrow,  during  his  connection  with  the  FoznesBdiiiB 
were  made  by  him  in  the  course  of  the  subseqiifint  eaoo*" 
Windermere  (see    infra,    p.  488),  and  are  here  inseried  tij ' 
permission. 
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7  ftrriYal  in  Fomess  for  the  first  time  in  1839,  I  was 
ruck  with  the  iron  ore  mines  of  the  district,  and  felt 
mvinoed  that  under  a  proper  system  of  management  they 
I  £ur  more  satisfEustory  results  than  they  had  hitherto  done, 
e  the  production  did  not  reach  1000  tons  per  week ;  but 
krefully  through  the  district  I  felt  satisfied  that  a  more 
[ploration  of  it  would  yield  satisfactory  commercial  results, 
-se  of  my  progress  I  yisited  Barrow,  which  at  that  time 
hamlet;  in  fiEust  the  total  number  of  houses  was  nine, 
of  one  fjEumhouse,  two  public-houses,  and  six  labourers' 
Acting  on  the  impression  made  upon  my  mind,  I  procured 
uke  of  DeTonshire  a  royalty,  on  which  subsequently  the 
irk  mines  were  discovered.      My  first  operations  were 
ii^g^g;  l>ut  extending  my  research  by  taking  property 
owners,  I  established  mines  sufficiently  encouraging  to 
to  persevere.     From  the  period  that  I  have  mentioned^ 
ow  itself  made  no  progress  whatever  until  the  railway  was 
he  port.    When  that  railway  was  opened  in  1847  the 
had  only  advanced  to  300 ;  and  its  progress  continued 
in  spite  of  the  fiEusilities  given  by  the  railway  for  shipments 
;  so  that  at  the  commencement  of  1859,  some  years  after 
ly  of  the  Park  mines,  the  population  did  not  exceed  700. 
dng  very  great  discouragements  in  my  searches  for  iron 
having  expended  a  very   large    sum  of  money,  which 
»  be  practically  thrown  away,  and  after  having  all  but 
the  Park  royalty,  I  was  stimulated  to  one  last  effort  by  a 
a  the  agents  of  the  owners,  stating  that  I  must  either 
ly  search  or  abandon  the  royalty.    I  determined  to  make 
arch ;  «nd  having  hitherto  tried,  as  I  thought,  in  the  most 
e,  I  now  determined  on  a  spot  which  appeared  extremely 
>r  the  discovery  of  ore.   Still  in  this  I  had  formed  a  certain 
.  opinion,  which  was  now  to  be  tested  in  a  practical  way, 
k  one  last  shaft ;  which,  after  going  through  six  fathoms 
but  soil  and  gravel,  came  upon  a  solid  mass  of  ore  ;  and 
ated  Park  mine  was  discovered.     This  was  in  the  year 
le  production  of  Park  mine  rapidly  increased,  and  it  proved 
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80  lATge  a  deposit  of  ore  that  the  attention  of  my  partner  a 
was  attracted  to  the  adyisability  of  erecting  funaceB  for  th 
of  the  ore.  The  dilBcolty  was  the  procuring  of  a  sufficienl 
coke  by  railway,  bnt  this  eyen  at  that  time  was  in  course  oi 
and  by  the  opening  of  the  branch  railway  from  Ulyerston  to 
Dnrham  was  brought  into  direct  railway  commonicatioi] 
Fnmess  district.  The  opening  of  this  railway  took  phi 
latter  end  of  1857 ;  and  during  the  early  part  of  1858  our] 
matured,  and  we  commenced  the  erection  of  foraaoes  at  Bai 
about  Ist  January,  1859.  The  result  has  been  shown  by  tl 
Hematite  Iron  and  Steel  Works,  which  you  have  inspect 
your  visit. 

**  The  population  of  Barrow  at  the  time  that  we  comm 

erection  of  the  furnaces  was  somewhere  about  700.    The 

1861  gave  a  population  of  only  8,000,  showing  a  comparati 

though  substantial  advance  in  the  state  of  the  town.    1 

taken  in  the  succeeding  ten  years  was  more  marked,  and  t 

of  1871   gave  a  population  rather  exceeding  18,000.    ] 

period  the  rise  of  the  town  was  still  more  rapid,  and  the  ] 

increased  in  the  next  three  years  to  the  remarkable  amount 

showing  an  increase  of  125  per  cent,  on  the  population 

This  result  was  mainly  due  to  the  establishment  of  the  Shi 

Yard,  Flax  and  Jute  Works,  and  other  industries,  which  ca 

considerable  amount  of  labour.    But  the  depression  of  tn 

commenced  about  1875  caused  a  cessation  in  the  erection  of ' 

and  naturally  a  considerable  decrease  in  the  large  populi 

had  hiiBerto  been  employed  in  the  building,  trade.    This  to 

extent  a£kcted  for  a  time  the  prosperity  and  population  of  1 

but  Barrow,  after  passing  through  the  depression  -of  the 

years,  has  once  more  emerged  from  the  temporaiy  doud  cai 

prosperity,  and  its  population  has  once  more  begun  to 

remarkable  manner.    A  private  census  taken  by  the  corp< 

1878  showed  that  the  population  had  been  reduced  to  38,0 

present  calculation  of  the  population  is  at  least  44,000 ;  a 

present  time  there  is  hardly  a  single  unoccupied  house  in  i 

borough.    More  than  200  have  been  erected  during  the  pree 
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*It  is  m  remarkable  fact  that,  in  spite  of  the  disadyantages  which 
ted  the  sodden  rise  of  a  new  town,  pauperism  has  been  singularly 
Mr  within  the  borough.  For  many  years  up  to  1878  the  total 
Mqperifim  of  Barrow — in-door  and  out-of-door«->did  not  exceed  about 

to  1^  per  cent. ;  and  during  the  depth  of  the  depression,  which 
adied  its  climax  during  the  last  severe  winter,  the  pauperism  did 
bI  exceed  Ij^  per  cent,  upon  the  population.  At  this  moment  the 
idictian  has  been  so  great  that  the  present  pauperism — as  extracted 
ma  the  last  week's  return  to  the  Board  of  Guardians  ^nly  amounts 
>  1^  per  cent,  of  the  population  of  the  town.  It  must  be  borne  in 
nd  that  in  a  town  like  Barrow,  where  the  working  class  are 
1 1  great  -extent  engaged  in  necessarily  hazardous  occupations,  the 
nber  of  widows  and  orphans  will  bear  a  larger  ratio  to  the  total 
Mperism  than  in  ordinary  cases ;  and  it  will  not  be  forgotten  that 
ifnsent  the  total  pauperism  of  Oreat  Britain  amounts  to  no  less 
IttS^per  cent 

**  One  word  in  conclusion.  In  1839  the  production  of  iron  ore  in 
hb  district  was  only  1000  tons  per  week,  and  that  of  pig  iron  was 
I  Now  the  Barrow  Works,  alone,  are  producing  at  the  present 
toent  «t  the  rate  of  500,000  tons  of  iron  ore  per  annum,  and  1000 
li  of  pig  iron  per  diem ;  while  the  total  estimated  production  of 

whole  of  the  Fnmess  district  for  this  year  is  1,100,000  tons 
liflomtite  iron  ore  and  500,000  tons  of  pig  iron." 


•he  following  paper  was  then  read : — 
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ON  THE  MANUPACTUEB  OP  JUTE. 


Bt  Mb.  WILLIAM  FLEMING,  of  Babbow-in-Fubhess. 


While  Jute  has  long  been  known  to  the  natiyes  of  Boa 
and  largely  used  by  them  in  various  textile  manufactures,  and 
paper-making  purposes,  its  introduction  into  this  country  ii 
comparatively  recent  date. 

In  1796  the  East  India  Company  imported  some  small  qoant 
of  jute,  and  afterwards  continued  importing  it  in  small  lots  now 
then ;  but  it  made  no  progress  whatever  with  the  manufactme 
this  countiy.  What  was  thus  imported  seems  to  have  been  empl< 
in  the  neighbourhood  of  London,  in  the  production  of  dooM 
ropes,  &o.  Portions  of  the  samples  however  appear  to  have  i 
their  way  to  Abingdon,  in  Oxfordshire,  where  there  were  a 
manufacturers  of  sackings  and  woollen  carpetings.  There  it 
spun  by  hand,  and  used  up  to  a  small  extent  in  some  of  l 
fabrics.  The  Abingdon  manufacturers  therefore  appear  to  hafi 
credit  of  being  the  first  to  employ  jute  in  textile  fiskbrics  in 
country. 

About  1833  some  of  the  jute  yam  thus  spun  at  Abingdon 
sent  to  Dimdee,  where  the  matter  attracted  attention;  and  du 
afterwards  was  commenced  at  Dundee  that  manufacture  of, 
which  has  resulted  in  such  an  extraordinary  development  of 
industry  in  Great  Britain  and  Ireland,  and  on  the  Continfioi 
increase  in  the  consumption  of  jute  during  the  last  fiflty  years  tti 
remarkable.  The  total  export  of  jute  ftom  Calcutta  in  18U 
amounted  to  20  tons,  valued  at  £60 ;  it  has  now  risen  (in  addd 
to  the  enormous  consumption  for  manufacturing  purposes  in  Bel 
itself)  to  upwards  of  350,000  tons,  or  nearly  3,000,000  h 
annually,  amounting  in  value  to  about  £6,000,000. 
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Jute  is  maiiily  grown  in  Bengal,  and  exported  from  Calcutta* 
^t  is  sown  in  March  and  April,  and  daring  the  following  three 
inonths  attains  a  height  of  from  10  to  12  ft.,  while  the  stems  reach 
from  1  to  2  in.  in  circumference. 

Shortly  after  the  plant  has  flowered,  it  is  cut  down  near  to  the 

ground,  tied  up  in  bundles  of  from  50  to  100  plants  each,  and 

''ntted,"  that  is,  steeped  in  stagnant  water  from  eight  to  ten  days, 

till  the  **  bast "  (or  the  fibre  lying  between  the  bark  and  the  stem) 

Ctt  be  separated  from  the  wood.    It  is  then  removed  from  the  water 

ttd  beaten  gently  against  a  board,  until,  with  a  little  management, 

fte  luttiye  operator  can  strip  off  the  whole  from  the  stem  without 

imige  to  either  stem  or  fibre.     The  fibre  is  then  drawn  through 

tbe  water  until  all  impurities  are  washed  or  picked  off.    It  is  then 

tried  in  the  sun,  and,  after  haying  been  assorted  into  different 

gndfls  of  quality,  is  exported,  under  yarious  distinctiye  marks,  in 

Uet  of  400  lbs.  each,  to  London,  Liyerpool,  Dundee,  Barrow,  and 

efter  markets. 

Softening. 

The  Jute  Fibre  being  of  a  somewhat  harsh  nature,  the  first  process 
wUdi  it  has  to  undergo  after  being  released  from  the  bale,  where  it 
jiioy  tightly  compressed,  is  that  of  softening.  This  is  done  by 
IMding  the  jute  into  stricks  or  handfuls,  and  passing  these  stricks 
AiOQgh  between  a  series  of  heayy  fluted  rollers,  which,  by  crimping 
lad  crushing,  and  in  a  manner  rubbing  the  fibres,  render  them  softer 
*Bd  more  yielding. 

The  Softening  Machine,  Figs.  1  and  2,  Plate  49,  consists  of  four 
"Qtiioiital  rows  of  fluted  rollers  about  9  in.  diameter  and  2  ft.  6  in. 
*%  with  ten  rollers  in  each  row.  Each  roller  in  the  bottom  or 
'"^A  row  bears  the  weight  of  the  three  rollers  aboye  it,  those  in 
^  Aitd  row  are  pressed  by  the  weight  of  two  rollers,  and  those  in 
"^■econd  row  by  the  weight  of  one  roller.  The  stricks  of  jute  pass 
^  between  the  pairs  of  rollers  constituting  the  first  and  second 
'^  then  return  between  the  second  and  third  rows,  and  pass  lastly 
^9m  the  third  and  fourth  rows,  being  deliyered  in  a  softened 
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condition  at  the  opposite  end  of  the  machine  to  that  wl 
were  introdaced,  and  haying  been  subjected  dnring  the  pi 
an  increasing  weight  as  they  entered  between  the  differ 
The  softening  of  the  jnte  is  at  the  same  time  assisted  bj  an 
called  "  batching,"  i.e.  the  sprinkling  of  the  stricks  with  \ 
oil  whilst  they  are  passing  through  the  machine.  This  if 
having  two  cisterns,  one  containing  water  and  the  other  o 
oil,  placed  over  the  machine.  Inside  the  cisterns  are  i 
rollers  which  liffc  the  liquids,  and  discharge  them  oyer  a  s< 
doctor,  so  that  they  drop  upon  the  jute  as  it  passes  bet 
rollers. 

Bbeakeb  Card. 

The  jute  having  been  softened,  and  weighed  into  bu 
conveyed  to  the  Breaker  Card,  shown  in  Figs.  3  and  4,  ] 
and  51. 

The  principal  parts  of  this  machine  consist  of  a  horizonta 
cylinder,  4  ft.  diam.  X  6  ft.  wide  on  its  working  surface,  cov< 
sharp  steel  pins  inclined  slightly  forwards  in  the  direction 
the  cylinder  revolves;  and  of  a  number  of  small  rollers 
round  the  periphery  of  the  cylinder,  each  of  these  rollers  I 
covered  with  pointed  pins.  The  stricks  of  jute  are  laid  or  s 
the  attendant  upon  an  endless  travelling  sheet'A,  Fig.  3,  whid 
them  to  the  first  roller,  called  the  feeder ;  and  the  pins  which  • 
surface  of  this  roller  enter  the  jute  and  carry  it  forward  to 
where  it  comes  in  contact  with  the  pins  of  the  carding  cylincl 
surface  speed  of  the  pins  on  the  feeder  being  about  10  ft  pei 
whilst  the  speed  of  the  pins  on  the  cylinder  is  about  20C 
minute  and  in  the  opposite  direction,  the  fibres  which  ai 
presented  and  delivered  by  the  feeder  receive  a  severe  coi 
dressing  from  the  pins  on  the  cylinder  before  they  ai 
released  by  the  feeder.  The  cast-iron  shell  which  en( 
underside  of  the  feeder  for  about  one-sixth  of  its  droa 
serves  to  keep  the  fibres  embedded  in  the  feeder  pins,  i 
prevent  their  being  carried  off  by  the  cylinder  before  being 
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carded.  A  large  quantity  of  the  fibre  however,  when  struck 
hj  the  pins  of  the  rapidly  reyolving  cylinder,  is  broken  o£f  and 
euzied  forward  on  the  points  of  the  cylinder  pins ;  and  it  is  ta 
k  Mgfaten  out,  comb,  and  split  these  portions  that  the  other  rollers^ 
ttlkd  workers  and  strippers,  are  applied. 

The  first  roller  that  acts,  after  the  fibres  have  left  the  feed  roller, 
ii  ihe  worker.  This  roller,  which  is  about  9  in.  diameter,  is  placed 
iSk  its  pin  points  at  a  distance  of  from  l-16th  to  l-8th  in.  from  the 
lointB  of  the  cylinder  pins.  The  angle  of  the  worker  pins  is  very 
BTOch  more  acute  than  that  of  the  cylinder  pins,  and  inclined  in  the 
Cfpodte  direction.  The  worker  surface  runs  in  the  same  direction 
M  the  contiguous  cylinder  surface,  but  only  at  a  speed  of  about  50  ft. 
per  minute.  The  effect  is  that  the  fibres  projecting  from  the  pins  of 
fite  cylinder  are  caught  on  the  pins  of  the  slowly  reyolving  worker ; 
ad  as  the  direction  and  pull  of  the  cylinder  pins  tend  to  force  the 
flns  on  to  the  pins  of  the  worker,  a  considerable  portion  is  retained 
^  ibe  latter.  The  worker  is  in  its  turn  cleared  of  fibre  by  the 
i^^,  a  roller  about  13  in.  diameter,  the  surface  of  which  runa 
^  a  ^eed  of  about  430  ft.  per  minute  in  the  opposite  direction  to 
Alt  of  the  worker ;  and,  travelling  with  pins  inclined  forwards,  it 
i^pi  the  fibres  firom  the  worker,  and  is  itself  cleared  afterwards 
If  fte  still  more  rapidly  travelling  cylinder. 

The  same  process  is  repeated  at  the  second  worker  and  stripper, 

^iuch  sie  placed  rather  closer  to  the  pins  of  the  cylinder  than  the  first 

^  loUers.    After  passing  the  second  worker  and  stripper,  the  fibrea 

^  eimed  forward  to  the  doffer,  a  roller  about  16  in.  diameter, 

^ludi  travels  in  the  same  direction  and  at  about  the  same  speed  as 

^loarker,  And  has  its  covering  similarly  arranged,  except  that  in  the 

wr  the  pins  are  rather  finer  and  more  numerous.     The  pins  of  this 

loflttaie  set  dose  to  those  of  the  cylinder,  so  that  the  whole  of  the 

fim  axe  caught  by  them,  and  carried  round  to  the  two  dofi&ng  rollers^ 

^>m  iakB  the  jute  from  the  doffer  in  the  form  of  a  continuous  broad 

^  or  fleece.    This  thin  sheet  of  carded  jute,  after  it  issues  from 

«e6flfing  rollers,  is  gathered  together  or  contracted  from  about  5  ft. 

^  ^  ia.  by  means  of  a  tin  conductor ;  and  it  then  passes  through  the 
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delivery  rollers  in  the  form  of  a  continnoiis  sliyer,  and  fiUs  int 
a  can. 

Tlie  surface  speed  of  the  doffing  and  deliyerj  rollers  is  genenl 
about  fourteen  times  quicker  than  that  of  the  feed  roller ;  oonseqneni 
if  the  jute  be  spread  so  that  the  feed  roller  receives  about  2  IbB.  ] 
yard,  the  sliver  delivered  into  the  can  will  measure  about  7  jai 
per  lb. 

The  tin  rollers  shown  under  the  workers  and  strippers  haTe  pli 
surfaces,  and  are  to  prevent  the  fibres,  as  much  as  possible,  fr 
feJliDg  to  the  ground,  when  the  stripper  is  clearing  the  worker. 

Finishes  Gabd. 

The  jute  sliver  as  delivered  by  the  breaker  card  is  not  connda 
to  be  sufficiently  carded  for  most  purposes;  and  it  is  theni 
necessary  that  the  process  of  carding  should  be  repeated  on  a  seoc 
machine  called  the  Finisher  Card.  The  principle  on  which  i 
machine  works  is  exactly  the  same  as  that  of  the  breaker  card;  1 
instead  of  only  two  workers  and  two  strippers,  there  are  sometimes  tiff 
four,  or  five  pairs  of  these  rollers,  and  the  pins  on  the  surface  of  1 
carding  cylinder  and  rollers  are  finer  and  set  closer  to  one  anotbaf 
as  to  comb  and  split  the  fibres  more  efficiently.  The  finisher  ciri 
fed  by  slivers  from  twelve  cans  from  the  breaker  card  upon  an  endi 
travelling  sheet,  similar  to  that  used  in  the  breaker  card ;  which  oin 
them  forward  to  be  acted  upon  by  the  cylinder  of  the  finisher  is  i 
same  maimer  as  the  stricks  of* jute  are  acted  upon  in  the  breaker  fli 
It  will  be  understood  that  the  slivers  as  delivered  by  the  httA 
card,  although  continuous,  must  necessarily  be  rather  irregular} 
thicker  in  some  parts  than  in  others ;  but  by  putting  twelve  of  ^ 
already  partially  carded  slivers  through  the  finisher  together,  a  k 
of  average  is  struck,  and  the  slivers  delivered  by  the  finishflr  oarf 
much  more  regular  and  even.  The  ^  draft,"  or  proportion  of  ^ 
between  the  delivery  rollers  and  feeder  of  the  finisher  card  is  it 
16  to  1 ;  so  that,  being  fed  by  twelve  slivers,  each  measazing  ^ 
7  yards  per  lb.,  and  these  being  subjected  to  a  draft  of  16,  the  i! 
delivered  by  the  finisher  card  will  measure  about  9^  yaxds  per  It 
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Drawing  Frame. 

The  next  process  after  carding  is  to  have  the  fibres  of  jute  drawn 
t  stniglit,  and  laid  parallel  alongside  one  another  >  and  this  is 
x>mplished  on  a  machine  called  the  Drawing  Frame,  Figs.  5  to  8, 
itee  50  and  51. 

There  are  several  kinds  of  drawing  frame,  all  intended  to  produce 
9  nme  results ;  but  the  kind  most  in  use  is  the  system  called  the 
ipinl  gill  drawing-frame."  In  this  machine  the  slivers,  which 
ve  been  delivered  into  the  cans  from  the  finisher  card,  pass  over  a 
Ddnetor  plate  and  thence  between  three  rollers.  Fig.  8,  which  are 
Hed  the  retaining  rollers,  and  are  in  fact  the  feed  rollers  of  the 
idune.  Just  in  front  of  tl^e  delivery  side  of  these  rollers  is  a  series  of 
ivdling  bars  on  which  are  fixed  hackles  or  gills,  i.e.  brass  stocks  with 
el  pins  standing  upright  in  them.  Fig.  7.  These  bars,  with  the  gills 
ached,  travel  forward  from  the  retaining  rollers,  carrying  with  them 
)  jute  fibres  into  which  the  pins  penetrate,  their  speed  being  the  same 
ihit  of  the  retaining  rollers,  or  just  as  much  faster  as  will  ensure 
i  the  slivers' are  kept  tight  and  do  not  rise  o£f  the  pins.  The  bars 
)  propelled  by  means  of  two  longitudinal  screws,  one  at  each  end  of 
)  hir,  cut  at  a  pitch  varying  from  1^  to  2  {breads  per  in.  The  end 
the  bar  which  enters  into  the  thread  of  the  screw  is  bevelled  to  the 
^  of  the  thread,  so  that  the  body  of  the  bar  and  the  pins  are  kept 
iisTertioal,  whilst  the  end  fits  the  spiral.  There  is  one  bar  in  each 
Old  of  the  screw,  and  when  the  screws  revolve  all  the  bars  glide 
wild,  supported  on  steel  slides.  These  screws  are  called  the  top 
ewB,  and  the  length  of  their  threaded  part  is  made  suitable  for  the 
igih  of  fibre,  say  about  10  in.  or  11  in.  for  carded  jute.  As  each 
'  aniTes  at  the  front  or  further  end  of  the  top  screws,  it  drops  from 
>  dide  which  has  been  supporting  it  in  position,  into  the  threads  of 
0  bottom  screws  placed  exactly  imder  the  top  screws^  cut  to  tho 
M  hand,  but  with  a  quicker  thread  and  revolving  in  a  contrary 
^aokkm.  These  bottom  screws  accordingly  carry  back  the  bar, 
sported  on  bottom  slides,  and  with  its  pins  nearly  upright,  to  the 
^  end  of  the  frame,  where  the  thread  of  each  screw  is  terminated 
*  projecting  otto,  by  which  the  bar  is  lifted  up  into  the  top  screwa 
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again,  close  to  the  retaining  roller,  causing  the  pins  of  th 
penetrate  the  sliver  which  the  retaining  roller  is  deliyerin 
a  continnons  forward  travel  of  hars  is  maintained  for  10  in. 
length  in  front  of  the  retaining  rollers,  moving  at  what  is  p 
the  same  speed  as  those  rollers. 

At  the  front  or  delivering  end  of  the  screws.  Fig.  8,  whei 
drops  down  out  of  the  sliver,  are  the  drawing  roller  and  the 
roller  above  it ;  the  former  being  made  of  steel,  about  2^  in. 
and  the  latter  generally  of  cast-iron  covered  with  leather,  al 
diameter.  These  rollers,  which  are  pressed  together  by 
weighted  levers,  move  at  a  speed  about  6  or  7  times  greater 
retaining  rollers  or  gills  ;  consequently  the  fibres,  when  deli 
the  gills  as  the  travelling  bars  drop  from  the  top  to  th* 
screws,  are  seized  between  the  rollers  and  dravm  away  from 
of  the  gills,  which  act  as  a  kind  of  comb,  holding  them  1 
ensuring  that  they  do  not  enter  the  bite  of  the  rollers  in  a  c 
tangled  state. 

The  length  of  each  travelling  bar  is  about  3  ft.,  Fig.  5, 8 
are  fixed  on  it  four  gills,  each  6  in.  wide  on  the  pins.  Each  se 
and  gills,  with  its  retaining  and  drawing  rollers,  conduct 
constitutes  what  is  called  a  carriage ;  and  drawing  frames  i 
with  one,  two,  three,  four,  or  five  carriages.  Thus  a  drawii 
of  two  carriages,  and  four  gills  per  carriage,  will  have  eight 
gills ;  and  as  two  slivers  from  the  finisher  card  are  supplied  to  c 
the  number  of  cans  at  the  back  of  the  machine  will  be 
Assuming  the  speed  of  the  drawing  roller  to  be  six  times  tha 
retaining  or  feeding  rollers  and  gills,  it  is  evident  that  th 
delivered  by  the  drawing  roller  will  be  six  times  longer  thi 
it  enters  the  machine ;  and  as  there  are  two  card  slivers  to  e 
and  each  card  sliver  may  be  assumed  to  measure  9^  yards 
the  sliver  coming  from  between  the  drawing  and  pressing  roll 
measure  about  28  yards  per  lb.  But,  for  the  purpose  of  oon 
the  process  of  straightening  the  fibres  and  laying  them  par 
well  as  of  more  effectually  equalising  the  slivers,  it  is  nnofinnirj 
the  jute  through  a  second  drawing  frame ;  and  therefbte  it 
convenient  to  unite  the  slivers  from  two  gills  upon  a  donUii 
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'  the  purpose  in  front  of  the  drawing  roller,  and  so  to 
sliver  from  all  the  eight  gills  comprised  in  the  two 
rough  four  pairs  of  rollers  D,  Fig.  6,  called  delivery 

four  cans;  the  sliver  in  each  can  will  consequently 
at  14  yards  per  lb. 

»nd  drawing  frame  is  constructed  in  an  exactly  similar 
the  first  drawing  frame,  except  that  the  pins  in  the  gills 
iner  and  ranged  closer  together;  and  instead  of  the 
two  gills  being  united  together  in  front  of  the  drawing 
Lvers  from  each  gill  are  carried  straight  from  the  drawing 
ry  rollers  and  run  into  the  can,  thus  making  eight  deliveries 
shine.  As  there  are  two  slivers,  each  of  14  yards  per  lb., 
adi  gill,  the  sliver  as  delivered  into  the  can  from  this 
ing  frame,  if  the  draft  on  the  machine  is  six,  will  measure 

lb. 

BoviNO  Frame. 

t  machine  in  the  system  of  preparing  machinery  is  the 
ue,  Figs.  9  and  10,  Plate  52. 

)ct  of  this  machine  is  to  draw  out  still  farther  the  fibros 
sliver,  and  wind  them  on  bobbins  in  a  form  convenient 
process  of  spinning  into  yam.  The  manner  of  drawing 
3rs  is  exactly  the  same  as  that  employed  in  the  drawing 

as  only  one  sliver  is  put  up  to  each  gill  in  the  roving 
that  sliver  measures  about  42  yards  per  lb.,  narrower 
gills  serve  the  purpose,  and  eight  gills  can  be  fixed  on  each 
ir  instead  of  four ;  and  in  consequence  of  the  slivers  being 
bter,  the  pins  of  the  gills  are  finer  and  set  closer  together, 
if  the  roving  frame  is  usually  about  seven,  so  that  the 
ored  by  the  drawing  roller  of  the  roving  frames  will 
<at  294  yards  per  lb. 
too  thin  a  sliver  to  deliver  into  a  can;  and  for  that 

also  for  general  convenience,  the  sliver  is  twisted 
1  wound  on  to  a  bobbin;  in  this  form  it  is  called 
I  order  to  twi§t  the  sliver  into  rove  and  wind  it  on 
theie  are  employed  a  spindle  and  flyer,  constracted  on 


filML'fil  nf  iibinit  fiOO  Kvu!  lit  ions  per  tiiitiiiti;. 
tuniiny  fixcly  on  the  spimlle,  is  placed  tlio 
leceire  the  rove.  Tliis  bobbin  U  diWen  by  gt 
of  the  spindle  and  flyer,  bat  reTolves  in  t 
The  omunnt  of  twiat  given  to  tho  rove  eh 
BufBcient  to  give  it  strength  to  unwind  from 
subsequent  pioccsB,  without  allowing  the  fibre* 
Hnppose  the  snitable  twist  for  rove  to  be  oni 
sliver  delivered ;  then  the  speed  of  the  draw 
arruiged  so  oa  to  deliver  one  inch  for  ead 
flyer;  and  the  speed  of  the  bobbis  miut  be  ci 
snfBoiently  behind  that  of  the  fljer  to  lake  op  tL 
\fj  the  drawing  rollers.  Foe  instance,  the  spin 
600  revolutions  per  minnte,  the  roller  delivers  6( 
and  the  ciroomference  of  the  bobbin  shank  is  £ 
of  the  bobbin  will  have  to  be  480  revcdutions  pet 
than  the  flyer,  bccaoBO  by  lagging  behind  to  th 
will  wind  np  120  laps,  each  5  in.  long,  or  600 
But,  as  the  bobbin  fills,  the  diameter  on  which 
increases,  and  the  speed  must  be  diminished 
when  the  bobbin  is  nearly  fnll,  its  cironmfet«i 
or  three  times  what  it  was  at  startinir:  cense 
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ni  the  bobbin  is  caused  by  a  projection  attached  to  the  lifting  rail 
being  arranged  to  release  a  catch  each  time  that  the  rail  arrives  at 
t^  and  bottom  of  its  traverse.  The  regulating  motion  is  obtained 
from  a  bowl  or  pulley  B  with  a  leather  face,  which  is  made  to  revolve 
liy  contact  between  two  flat  circular  iron  discs  rotating  in  contrary 
AeetionB,  Figs.  9  and  10.  Each  time  that  a  catch  is  released  either 
it  top  or  bottom  of  the  traverse,  the  bowl,  with  the  shaft  on  which 
it  is  fixed,  is  allowed  to  slide  inwards  a  little  nearer  to  the  centre  of 
fte  two  discs,  Fig.  10,  whereby  its  speed  is  diminished ;  and  in  this 
viy  the  speed  of  the  bobbin  is  also  reduced  for  each  successive  lap 
Attislaidjon. 

As  already  explained,  the  jute  fibres  in  this  slightly  twisted  form 
m  tenned  ^^rove."  But  for  the  heavier  classes  of  yarn  (say  when 
1  IK  measures  less  than  400  yards),  it  is  very  usual  to  make  the 
^yam"  on  the  roving  &ame.  To  do  this  it  is  only  necessary  to 
ioerease  the  twist  sufficiently  to  give  proper  strength  to  the  yam. 


Spinning  Frame. 

The  object  of  this  machine.  Fig.  11,  Plate  52,  which  completes 
ibe  first  stage  in  jute  manufacture,  is  to  reduce  the  rove  which  comes 
bom  the  previous  machine  to  the  required  size,  and  then  to  twist  the 
flvo  together  so  as  to  form  what  is  known  as  '^  yam.*' 

The  number  of  spindles  in  a  spinning  frame  varies  according  to 

weomstanoes ;  but,  for  an  average  class  of  jute  yarns,  a  very  usual 

somber  is  sixty-four  on  a  side,  arranged  in  a  single  row,  at  a  pitch,  or 

fttmce  from  one  another,  of  3f  in.     The  main  parts  of  the  machine 

^  the  rack   or  creel  for  the  bobbins   containing  the  rove,  the 

^Biiining  rollers,  the  binding  plate,  conductor,  drawing  rollers,  thread 

F^  spindles  and  flyers,  and  bobbins  to  receive  the  yam.     The 

^f^ikog  containing  the  rove  are  placed  on  pins  fixed  on  the  rack,  and 

^  lOTe  is  introduced  through  a  conducting  plate  between  two  fluted 

'lAuB  pressed  together,  which  form  the  retaining  rollers,  then  over 

•k  binding  plate  and  through  a  narrow  conductor  into  the  bite  of 

^  bawing  roller  and  pressing  roller :  of  these  the  former  is  of  iron, 

^e  the  latter  is  of  wood  and  is  pressed  against  the  former  by 
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means  of  steel  springs.     The  drawing  and  pressing  rollers  nm  at  a 
surface  speed  considorablj  in  excess  of  the  retaining  rollers,  the 
difference  being  regulated  by  change  wheels  to  snit  the  sise  of 
yam  required.     We  will  assume  the  drawing  roller  to  be  mofing 
seven  times  faster  than  the  retaining  roller,  so  as  to  give  a  drift 
of  seven.     The  slight  twist  which  the  rove  has  received  in  the 
roving  frame  gives  it  sufficient  consistency  to  hold  together  and 
pull  the  bobbin  round  on  its  pin,  so  as  to  supply  the  retuning 
rollers ;  but  when  gripped  at  one  end  between  the  retaining  roller 
and  its  pressing  roller,  and  at  the  other  end  between  the  drawing  sod 
pressing  rollers,  the  latter  pair  moving  at  the  quicker  speed,  tbe 
slight  twist  which  the  fibres  have  received  does  not  prevent  them 
firom  parting.     Not  being  supported  by  gills,  as  in  the  drawing  and 
roving  frames,  the  rove  is  made  to  press  against  the  binding  plate,  in 
order  to  retain  the  twist,  and  so  prevent  the  fibres  from  separating 
too  easily  and  from  passing  through  the  drawing  and  pressing  roller 
in  an  irregular  manner. 

By  the  draft  of  seven,  the  rove  is  elongated  from  294  yards  per  lb 
as  it  enters  the  retaining  rollers,  to  2058  yards  per  lb.  when  it  passe 
from  the  drawing  roller.  The  fibres  are  twisted  by  the  spindle  an 
flyer  in  the  same  manner  as  in  the  roving  frame ;  but  the  amoimt  < 
twist  given  to  the  yam  is  very  much  greater  than  that  given  to  tl 
rove,  and  the  bobbin  is  not,  as  in  the  roving  frame,  driven  by  wheel 
but  is  dragged  round  after  the  flyer  by  the  thread,  and  is  retaidi 
by  friction  sufficiently  to  wind  on  the  yam,  the  friction  beii 
regulated  by  the  attendant  to  suit  the  strength  of  the  yam. 

In  illustrating  the  action  of  these  difBsrent  mfti^hinftg^  a  oeria; 
weight  of  jute  has  been  assumed  to  be  laid  on  the  feed  sheet  of  tl 
breaker  card,  with  certain  drafts  and  doublinga  in  the  sepaim 
subsequent  machines  ;  the  result  of  which  would  bo  to  produce  jai 
known  as  ^7  lbs.,"  because  each  ''spyndle,*'  or  length  of  14,4( 
yards,  would  weigh  7  lbs. :  but  by  varying  the  weighty  drm{l8»  i 
doublings,  other  sizes  of  yam  are  produced.  The  finest  yains  i 
jute,  made  from  the  best  qualities,  are  about  1}  lb.  to  S  Iba.  pi 
spyndle,  or  say  about  ^Ib.  per  mile ;  whilst  bam  the  ooanest  daa 
yam  is  made  of  which  a  mile  will  wei^  more  fliaii  80  Ibt. 
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The  yams,  having  been  prepared  in  the  necessary  forms  for  the 
ms,  are  woven  into  fabrics  of  great  variety,  soitable  for  the 
oirementB  of  every  market  in  the  world,  and  these  fabrics  undergo 
loos  processes  of  calendering,  mangling,  and  finishing. 
Jute  is  the  cheapest  fibre  known,  and  hence  the  very  general 
nnd  for  jute  fabrics  in  every  coimtry.  Jute  mannfactores  are 
r  almost  entirely  used  for  the  conveyance  of  grain,  flour,  rice, 
leed,  coffiBe,  pepper,  saltpetre,  &c. ;  as  also  for  guano  and  all 
mical  manures ;  while  in  the  export  of  the  raw  materials,  cotton 
.  wool,  nothing  else  is  now  employed  for  packing.  All  makers  of 
die  goods'  now  use  jute  hessians  and  baggings  for  the  packing 
hmr  manufactures. 

The  finer  qualities  of  jute  yams  are  woven  into  fabrics  suitable 
the  production  of  curtain-cloths,  tapestries,  &a,  for  furniture 
poies  (such  as  the  "  Ealameit,"  now  produced  in  the  Barrow  Flax 
.  Jute  Works),  and  for  carpets,  rugs,  &c.  They  are  also  used 
^y,  in  combination  with  cotton,  silk,  and  woollen  yams,  in 
weaving  of  numerous  ornamental  goods.  In  fact  the  list 
the  varied  purposes,  to  which  jute,  jute  yams,  and  jute  fabrics 
now  extensively  applied,  is  curious  and  remarkable,  embracing, 
it  does,  telegraph  cables,  wire  ropes,  oilcloth  and  linoleum 
infiictuies,  ropes,  twines,  cords,  &c.,  even  down  to  artificial 
r. 

The  cuttings  (or  the  few  inches  of  hard  fibre  cut  from  the  bottom 
the  plant  in  India)  are  now  largely  used  by  the  paper-makers  in 
I  country,  as  well  as  in  India,  America,  and  on  the  Continent ; 
1  the  wastes  made  in  the  general  manufacture  of  jute,  which  cannot 
ipim  over  again,  come  into  value  in  connection  with  paper-making, 
tpttiking,  and  other  purposes. 

This  enormous  and  general  demand  has  brought  about  a  more 
n  equivalent  producing  power  in  this  country,  in  India,  and 
bwheie;  and  during  the  past  few  years  the  jute  trade  has 'been 
^faring  from  the  effects  of  this  over-production;  but  as  the 
i^VmBents  of  the  world  are  increasing  so  rapidly,  the  improved 
^■Mod  must  soon  rectify  this  unfortunate  state  of  things. 

2  H  2 
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Discission, 

Mr.  FiiEifiNO  exhibited  an  extensive  collection 
illustrating  completely  the  snccessiyo  stages  of  the  manr 
the  original  stems  of.  the  jute  plant,  to  the  finished  : 
from  the  yam.  He  also  mentioned  some  statistic 
extent  of  the  jnte  trade,  which  he  had  omitted  froi 
According  to  the  last  goyemment  returns,  at  the  end  ( 
were  117  jute  factories  in  Great  Britain  and  Ireland. 
250,000  spindles,  with  from  11,000  to  12,000  looms,  ai 
40,000  hands  in  the  jute  trade  alone.  In  India  it  a 
there  were  also  4,000  looms  erected. 

Mr.  Thomas  Houtledge  said  that  as  a  paper-maker  h 
used  jute.  The  jute  ends,  or  the  refuse  of  the  fibre,  wc 
also  jute  waste  when  it  could  be  got  sufficiently  cheap, 
large  sale  for  what  was  technically  called  in  the  trade  *'  j 
or  jute  ends,  which  were  chiefly  used  for  makiu] 
paper.  They  were  not  much  used  for  white  paper, 
process  of  bleaching  jute  was  expensiye;  and  whci 
lost  its  strength.  A  yery  large  quantity  of  brown  pa 
from  jute  ends  and  old  gunny  cloth. 

Mr.  C.  GocHBANE  asked  whether  the  process  of  sac 
carried  on  in  the  jute  factory,  and  whether  there  wf 
method  of  sewing  the  sacks  up.  He  belieyed  then 
machines  for  the  purpose,  one  of  which  he  had  seen  at 

The  President  desired  to  ask  what  was  the  length 
fibre  of  the  jute,  and  what  the  length  when  it  arrived  at 
drawing-frame ;  also  whether  the  "  retting"  of  the  fibn 
done  in  cold  water  (which  of  course  in  that  climate  woi 
be  cold),  or  in  actually  hot  water  ?  He  had  also  anotl 
ask,  with  reference  to  the  mode  of  layipg  the  material 
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id  of  the  feeder  for  the  breaker  card,  as  in  Fig.  3,  Plate  50.  Were  the 

terent  stricks  of  jute  so  placed  as  to  break  joint  as  far  as  possible, 

was  simply  a  certain  quantity  put  up  from  time  to  time?    The 

neks  did  not  appear  to  be  arranged  as  in  the  case  of  flax,  but 

«med  to  be  all  mixed  together.     He  should  be  glad  to  know  the 

Xifli  modui  operandi  of  that  part  of  the  process.    Also  with  regard 

A  the  screw-gill  drawing-frame,  he  should  be  glad  to  understand 

vbelher  the  length  of  the  frame  represented  the  ordinary  length 

oC  flie  jute  fibres ;  or  whether  the  fibres  were  not  in  reality  yery 

CQuiderably  longer,  requiring  to  be  cut  down  to  the  length  of  the 

fating  frame,  as  a  more  conyenient  length  for  dealing  with,  in  the 

iiwiiig  process,  than  the  full  length  of  the  original  longer  fibres ; 

•whether  the  breaker  car4  really  did  the  work  of  shortening  the 

iii^  In  the  roying  frame  he  obseryed  that  the  roying  was  not  twisted 

mj  much,  but  only  just  enough  to  hold  together,  so  as  to  allow 

it  to  be  further  drawn  afterwards  in  the  spinning  frame  ;  if  it  were 

Wiied  much,  it  could  not  be  drawn  in  spinning  without  breaking 

ftefilna 

Mr.  Abthub  Paget  asked  what  was  the  original  length  of  the 
ftn  in  its  natural  condition,  and  what  the  final  length  as  turned 
itftD  yam.  It  appeared,  so  far  as  he  could  judge,  as  if  the  length  of 
fto  fibre  were  yery  great  in  comparison  with  anything  else  they  were 
aeqqainted  with ;  and  as  if  the  machinery  were  arranged— not,  as  in 
fte  case  of  ordinary  machinery  of  that  class,  to  ayoid  breaking  the 
file— but  almost  to  break  it  into  lengths  on  purpose. 

The  Pbisidknt  said  that  was  the  point  upon  which  he  desired 
iirtlier  information ;  but  he  had  not  expressed  it  so  clearly.  Perhaps 
Kr.  Fleming  would  giye  the  actual  length  of  the  long  and  short 
bos,  and  state  whether  any  of  the  jute  was  worked  by  chopping  the 
file  to  commence  with. 

Hr.  FLmmo  said  Mr.  Boutledge  had  remarked,  with  reference  to 
^  me  of  jute  cuttings  for  paper,  that  in  bleaching  the  jute  it 
^  iti  strength.      Probably  in    that  operation  the  paper  might 
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lose  its  strength  ;  but  they  now  had  at  Barrow  a  process  of  '^ 
own,  by  which  they  could  bleach  jute  without  any  such  loss. 

Their  sacks  had  been  sevm  by  machinery  for  many  years.  1 
were  now  experimenting  with  three  machines,  one  of  which  was  ( 
new,  and  he  hoped  to  have  it  ready  to  show  to  the  members  tie 
the  works. 

The  "  ^retting  "  of  the  jute  plant  was  done  in  cold  water, 
course  the  temperature  of  the  water  was  variable,  and  it  req 
great  care  on  the  part  of  the  operator,  who  had  to  be  constant 
the  watch,  feeling  with  his  nail  the  state  in  which  the  htak 
If  it  were  allowed  to  remain  soaking  too  long,  it  became  deoom 
and  discoloured.  In  some  states  of  the  weather  eight  o 
days  might  bo  required,  while  seven  days  would  suffice  on 
occasions.  The  sample  exhibited  of  the  actual  jnte  plant, 
ho  hod  received  from  on  engineering  friend,  had  been  sent  from 
with  a  view  of  ascertaining  whether  any  machine  could  be  ini 
which  would  do  away  with  the  necessity  for  '*  retting."  The  oi 
fibre  was  almost  of  a  white  colour,  very  valuable  to  spinners 
in  retting  it  lost  that  character. 

With  regard  to  jute  cuttings,  they  consisted  of  abont  8 
9  in.  cut  from  the  lowest  part  of  the  plant.  It  often  got 
at  that  part,  and  mucous  matter  gathered  around  it ;  and  somi 
8  in.  or  10  in.  were  left  in  the  water  in  rainy  seasons ;  thi 
cut  off  for  the  paper-makers,  who  could  use  it  in  their  mannfa 
The  cuttings  came  from  India  as  such,  separate  from  the  rest  < 
plant,  and  were  not  sent  to  the  paper  manufacturers  by  the 
manufacturers  in  England. 

With  regard  to  the  process  of  carding,  the  attendant  laid  the  s 
of  jute  upon  the  feeding  sheet  with  their  root  foremost,  and  bre 
joint  with  one  another.  Any  part  of  the  root  end  that  passed 
the  breaker  card  was  cut  by  the  first  worker  and  stripper,  ani 
taken  up  again  by  the  carding  cylinder.  What  passed  on  fia 
was  taken  up  by  the  second  worker  and  stripper,  and  so  it  wi 
combed  out  into  an  even  body.  In  the  finisher  card  again,  the 
process  was  carried  all  through.  The  length  of  the  original 
varied  from  6  ft.  to  7  ft.    In  all  the  operations  after  the  bi 


Ar(;i:8Tl880.  JUTE  MAOHINEBY.  395 

eird-thai  is,  aknoet  all  ^throagh  the  process  up  to  spinning — ^tho 
iilire  WIS  aboat  16  in.  long ;  in  spinning  it  was  about  6  in.  long. 

Ilie  jute  took  a  very  beautiful  dye ;  but  hitherto  the  colours  dyed 
hd  beeQ  very  fdgitiye.  By  means  of  the  process  he  had  already 
n&md  to^  of  bleaching  without  destroying  the  fibre,  they  could  at 
ihe  ame  time  get  permanent  colours,  such  as  a  few  years  ago  it  had 
beon  impoadble  to  obtaii^  with  jute  fibre. 

Tbe  F&isiDENT  said  he  need  hardly  ask  the  members  to  pass 
a  letj  hearty  vote  of  thanks  to  Mr.  Fleming  for  his  interesting 
paper  and  observations.  It  was  not  always  that  they  could  get  a 
munifiutiire  of  that  kind^  so  thoroughly  described  and  illustrated 
with  diagrams. 

The  Tote  of  thanks  was  passed  by  acclamation. 


The  following  paper  was  then  read : — 


JkCGrST  IWiJ- 


ON  THE  STEEL-COMPBESSING  ARRANGEMENTS 
AT  THE  BARROW  WORKS. 


By  Mr.  ALFRED  DAVIS,  op  Londost. 


The  unsoundness  of  Steel  Castings,  particolarl j  in  the  case  of 
ingots  made  by  the  Bessemer  or  Siemens-Martin  process,  has  gimi  . 
manufacturers  considerable  trouble,  and  occasiona   mncli  waste  of 
material. 

A  good  deal  has  been  stated  and  written  of  late  as  to  the  canie 
of  this  unsoundness,  which  occurs  principally  at  the  upper  end  of 
the  ingot ;  but  it  appears  now  to  be  pretty  generally  conceded  that 
the  defects  proceed  {rom  two  distinct  causes : — Ist,  the  existenca 
of  gases,  generated  at  the  point  of  transition  from  the  fluid  to  tbe 
solid  state,  which  are  imprisoned  in  the  form   of  bubbles  wher 
the  surrounding  metal  becomes  solid;  and  2ndly,  the  existenoe  e 
spaces  formed  by  the  natural  contraction  of  the  metal  in  coolin 
by  reason  of  the  outer  skin  first  becoming  solid,  and  refusing 
follow  up  the  interior  portion  of  the  ingot,  which  sabseqnen/ 
cools,  and  consequently  occupies  a  smaller  space. 

Various  systems,  designed  to  cure  this  evil,  have  already  h 
discussed    before    this    Institution.      The    system   which   is  / 
described,  namely   that   of  compressing  fluid  steel  by  the  di 
application  of  High-pressure  Steam,  has  recently  been  adqptr 
the    Barrow    Haematite   Steel   Works,    and    by    Messra.   BoJ 
Yaughan  &  Co.,  and  has  the  merit  of  simplicity  combined 
efficiency.     The  arrangements  adopted  for  the  purpose  are  ft 
upon  those  used  by    Mr.  H.  R.  Jones  of  the    Edgar  Tb 
Steel  Works,  Pittsburg,  U.S.,  where  the  system  has  been  wa 
some  years. 
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The  exact  plan  in  operation  at  the  Edgar  Thompson  Steel  Works 
is  shown  in  Plate  53,  Figs.  1  to  4.  A  high-pressure  steam  boiler  is 
proTided,  and  commnnicates  with  a  receiver  or  steam-^mm  B,  which 
is  attached  to  the  side  of  the  ingot  crane  and  is  furnished  with  a 
low  of  cocks  corresponding  with  the  number  of  ingot  moulds. 
Froxa  these  cocks  strong  india-rubber  pipes  convey  the  steam  to 
the  ingot  moulds,  which  are  ranged  in  the  arc  of  a  circle  round 
the  ladle  crane,  as  shown  in  Fig.  1.  The  metal  from  the  ladlo 
poured  through  a  loose  pouring  cup,  which  rests  on  a  conical 
kt  at  the  top  of  the  ingot  mould,  as  shown  enlarged  in  Fig.  3.  As 
ns  the  pouring  is  finished,  this  cup  is  removed ;  and  a  lid,  having 
the  steam-pipe  ready  coupled  to  it,  is  placed  on  the  top  of  the 
flsofold,  and  secured  to  it  by  a  steel  cotter,  as  shown  enlarged  in  Fig.  4. 
.The  oock  on  the  receiver  is  then  opened,  and  the  steam  allowed  to  act 
upon  the  metal  until  it  has  completely  set.  The  result  of  this  pressure 
is  to  make  the  ingot  sensibly  shorter  than  when  cast  in  the  ordinary 
SBsnner,  the  difference,  according  to  experiments  made  at  the  Edgar 
Thompson  Works,  being  from  1^  in.  to  2  in.  in  a  5  ft.  or  6  ft. 
ingot.  The  ingots  when  cold  are  perfectly  level  at  the  top,  and 
theie  is  no  porous  head  requiring  to  be  cut  off. 

The  arrangements  at  first  proposed  by  the  Barrow  Steel  Go.  differ 

somewhat  firom  those  in  operation  at  the  Edgar  Thompson  Works, 

Sid  require  only  a  very  brief  explanation.      The  ingot  moulds, 

wlueh  are  of  similar  construction  to   those  used    by   the    Edgar 

Thompson  Co.,  are  not  ranged  in  a  circle,  but  placed  in  a  row  within 

a  doek  or  siding,  the  centre  line  of  which  runs  to  the  centre  of  the 

Ft   The  metal  flows  from  the  ladle  into  a  trough  mounted  upon 

^'heob,  and  provided  with  runners  at  points  corresponding  with  the 

^ttbes  of  the  ingot  moulds  when  the  trough  is  in  position.     This 

^nog^  runs  upon  rails,  placed  on  either  side  of  the  row  of  ingot 

iMNiUfl^  and  can  readily  be  removed  after  the  moulds  are  charged. 

ittii  mould    is    provided    with    a    steam-tight    cover,    having    a 

V'OQskt-iron  pipe  attached  to  it,  furnished  with  a  stop-cock.     This 

Fp^  oommonicates  at  right  angles  with  the  main  steam-pipe,  which 

'"^  parallel  with  the  side  of  the  dock.     The  junction  of  the  branch 

'*^*'^*pipes  with  the  main  is  formed  by  means  of  a  cast-iron  sleeve- 
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piece,  with  stuffiug-boxes,  to  enable  the  covers,  with  their  respective 
cocks  and  pipes,  to  bo  thrown  back  out  of  the  way  when  not  in  use. 
This  phin  was  found  inconvenient  in  many  respects,  and  has  been 
discontinued. 

The  arrangement  shown  in  Pkte  54  was  designed  by  the  author, 
and  is  now  in  operation  at  the  Barrow  Works.  The  ingot  moulds 
are  fixed  in  position  in  the  same  manner  as  at  the  Edgar  Tbompsoii 
Works  (Fig.  1),  but  the  method  of  securing  the  bottom  joint  of  the 
mould  is  somewhat  different.  Fig.  8,  Pkte  55,  shows  a  form  of  joint 
suitable  for  both  the  lid  and  base  of  the  mould.  Here  Ynshaped  grooves 
are  turned  in  the  faces  of  the  metal,  care  being  taken  that  the 
diameters  of  the  two  grooves  forming  the  joint  are  exactly  equaL 
A  ring  of  soft  copper  wire  is  then  inserted,  and  the  two  parts  are 
well  keyed  up  \^ith  cotters,  as  before  described. 

The  boiler  for  supplying  the  steam  has  been  constructed  by 
Messrs.  Daniel  Adamson  and  Go.  It  is  3  ft.  6  in.  diameter  and  9  ft 
high,  and  is  intended  to  be  worked  at  a  pressure  of  200  lbs.  per 
sq.  in.  The  main  pipe  M,  Fig.  6,  for  supplying  the  steam,  followa 
the  curve  of  the  pit,  about  12  in.  from  the  side  and  18  in.  below  tlifi 
surface  of  the  ground.  Fig.  5.  The  branch  steam-pipe  B  is  of 
copper,  bent  to  give  elasticity,  and  has  at  one  end  the  lid  of  tlie 
mould,  and  at  the  other  a  stop-valve.  The  stop-valve  is  attached  to 
a  hollow  sleeve  S,  shown  enlarged  in  Fig.  7,  which  revdvea  on  an 
elbow  attached  to  tho  main  steam-pipe,  and  is  kept  tight  by  means 
of  stuffing-boxes.  The  elbow  has  a  blind  end,  and  within  the  deevc 
is  pierced  with  holes,  through  which  the  steam  passes  to  the  brand 
pipe.  When  not  in  use,  the  copper  coil,  lid,  and  coapling  can  he 
thrown  back,  as  shown  dotted  in  Fig.  5,  and,  if  desired,  may  fiJl  infta 
a  pit  made  for  the  purpose,  and  covered  over  with  an  iron  pliti 
hinged  at  one  side.  No  doubt  other  plans  for  applying  ateam 
pressure  could  be  suggested,  and  various  modificationa  will  be 
ncoeasary  to  suit  dijSerent  conditions  of  working. 

At  the  Cambria  Steel  Works  in  Pennsylvania  an  attempt  was 
made  aome  two  or  three  years  ago  to  inject  water  thioqgh  tlia  canx 
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^  mouldy  after  ihe  metal  had  been  poured.  The  heat  of 
m  steel  of  course  generated  steam,  which  acted  as  a 
ng  medium;  a  safety-yalve  being  provided  and  loaded  to 
ore  required.  The  disadvantages  of  this  system,  as 
with  that  now  described,  are  sufficiently  obvious ;  the 
ion  of  parts  and  the  danger  from  explosions  being  very  great. 
results  obtained  by  the  process  of  casting  ingots  under 
ipression  are  highly  satisfactory.  Not  merely  is  the  ingot 
sound,  but  the  action  of  the  steam  is  such  as  to  enable 
to  work  it  earlier  and  in  a  hotter  state  than  with  the 
method,  so  that  there  is  an  appreciable  increase  in  the 
The  presence  of  the  steam  also  acts  beneficially  on  the 
he  mould,  and  causes  it  to  last  longer, 
pressure  necessary  to  produce  a  perfectly  sound  ingot  will 
pon  the  quality  of  steel  to  which  it  is  applied.  At  the 
lompson  Works  it  is  found  that  for  ordinary  rail  metal 
per  sq.  in.  is  sufficient.  But  for  milder  steel  a  higher 
is  needed ;  and  since  experience  has  proved  that  steam  is 
alt  with  at  very  high  pressures,  there  does  not  appear  to 
Bason  why  1000  or  1500  lbs.  per  sq.  in.  should  not  be 
required.  It  is  only  a  question  of  giving  sufficient  strength 
parts  which  are  exposed  to  the  pressure.  As  a  matter  of 
oilers  designed  by  Mr.  Loftus  Perkins  will  carry  a  steam 
f  2000  lbs.  per  sq.  in.  with  perfect  safety.  The  question  of 
ght  joints  between  the  ingot  moulds  and  covers  with  such 
Kures  is  one  of  considerable  importance ;  but  there  are 
ijB  in  which  this  difficulty  may  be  overcome.*  In  using 
a  very  high  pressure  the  size  of  the  supply  pipe  may  be 
bly  reduced  and  the  mode  of  attachment  greatly  simplified ; 
the  amount  of  steam  used  is  inconsiderable,  the  size  of  the 
old  be  correspondingly  small  As  an  alternative,  in  cases 
;h  pressures  are  needed  for  the  consolidation  of  fluid  metals, 
'f  proposes  the  use  of  compressed  air.  With  this  system  a 
op  to  1500  or  2000  lbs.  per  sq.  in.  may  be  obtained  without 

♦  See  Plate  55,  and  below,  p.  417. 
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danger  or  difficnltj,  as  is  eompleiely  demonstrated  by  th« 
practice  at  Woolwich,  and  by  the  experiments  carried  out  b; 
Beaumont,  in  connection  with  the  use  of  compressed  air  for 
locomotion. 

The  advantages  of  an  elastic  compressing  median] 
consolidation  of  fluid  metals,  as  compared  with  the  1 
process,  scarcely  need  to  be  dwelt  upon.  In  applying  1 
pressure  a  rigid  piston  is  necessary ;  and  the  outer  portion 
cooling  mass  (which  are  the  first  to  set)  must  be  crushc 
before  the  interior  portions,  which  are  still  liquid,  are 
by  the  pressure.  A  considerable  amount  of  power  is  m 
consequence.  In  addition  the  fluid  metal  is  forced  against 
of  the  mould,  that  is  in  a  contrary  direction  to  that  which  it  i 
follows  in  the  operation  of  cooling.  With  steam  or  compr 
the  operation  is  reversed :  as  soon  as  contraction  oomme 
entire  ingot  is  surrounded  by  a  uniform  pressure,  which  coi 
follows  up  the  natural  contraction  of  the  mass. 

In  conclusion,  the  author  would  suggest  that  the  prii 
elastic  pressure,  in  connection  with  the  consolidation  of  flai< 
although  at  present  applied  to  Bessemer  ingots  only,  is  we 
the  consideration  of  those  interested  in  the  manufacture  of  '> 
of  steel  and  iron  castings,  and  particularly  of  heavy  guns. 


Discussion. 

Mr.  E.  Windsor  Riohabds  thought  it  might  be  interest!] 
members  of  the  Institution  to  be  informed  of  what  bad  h 
in  the  matter  of  compressing  fluid  steel  at  the  Y 
Messrs.  Bolckpw  Vaughan  &  Co.,  Middlesbrough.  To  a 
matter  clear,  he  had  photographed  some  ingots,  one  not  con 
and  the  others  compressed.  In  order  to  show  the  structme 
ingots,  he  had  had  them  cut  completely  through  from  top  to 
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if  Ui  ingot  were  simplj  nicked  all  the  way  round  and  then 
aen  •cross,  that  part  might  he  fonnd  solid,  while  the  rest  was 
.  Thus  Fig.  16,  Plate  56,  was  an  ingot,  not  compressed,  which 
I  heen  cut  down  the  centre,  and  showed  the  cavities  due  to 
i  occluded  gases.  K  it  had  heen  nicked  across  and  hroken  at 
A  hue  A  B,  it  would  have  appeared  solid,  and  that  test  would 
ave  been  deceptive.  No  outside  turning  or  nicking  across  was 
nffideni  It  appeared  to  him  that  the  ingot  in  cooling  had  itself 
lied  to  get  lid  of  the  gas.  The  gas  had  gone  to  the  centre, 
vlndi  of  course  remained  fluid  longer  than  the  outside;  as  the 
ited  became  solid,  it  had  compressed  the  gases  right  into  the  centre 
i  the  mould.  The  next  ingot,  Fig.  17,  had  been  compressed  with 
itoim  of  the  ordinary  boiler  pressure  at  the  works,  80  lbs.  per  sq.  in., 
od  the  effect  could  be  seen :  a  considerable  quantity  of  the  gas  had 
been  driven  ofi^  but  not  all.  A  locomotive  boiler  had  then  been 
iKtKight  into  the  works,  with  130  lbs.  steam,  at  which  pressure  two 
of  the  ingots  had  been  compressed ;  but  it  would  be  seen  by  the 
plioiographs  of  these,  Figs.  18  and  19,  that  all  the  gases  had  not 
henqmte  driven  out  even  then.  Mr.  Adamson  was  now  making 
^  a  boiler  to  work  at  250  lbs.  pressure,  which  they  hoped  to 
have  b  operation  in  about  a  week.  He  was  sorry  they  had  not 
iMen  able  to  get  it  at  work  previously,  because  he  thought  it  would 
^Te  shown  that  with  that  pressure  they  could  get  a  completely  solid 
ingot. 

The  next  point  was  to  determine  what  the  gases  really  were.    Old 

forge  and  mill  managers,  years  ago,  whenever  they  got  into   any 

^ble  with  their  iron,  always  attributed  it  to  sulphur. .  Latterly  with 

steel  the  &ult  had  been  similarly  laid  on  carbonic  oxide.     With  a 

^w  of  ascertaining  what  the  gases  really  were,  he  had  made  a  large 

^*^  md  dropped  an  ingot  into  it  when  filled  with  water.     The  ingot 

'^^Mi  upon  a  drill  2^  inches  in  diameter,  inserted  from  the  lower 

""^  with  a  stuffing-box  to  prevent  the  escape  of  the  water ;  a  pair  of 

^tie  wheels  with  a  strap  were  attached  to  the  drill.     The  weight  of 

^  uigot  was  25  cwts.,  and  this  gave  suf&cient  pressure  to  drill  the 

'^  They  were  enabled  in  that  way  to^  put  in  a  hole  2^  inches  in 

^'''''^,  and  penetrating  4  inches  into  the  ingot.    The  gases  issuing 
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were  collected  and  analysed  by  Mr.  Stead  of  Middlesbrough, 
whose  figures  and  analyses  he  confidently  relied ;  the  experime 
also  been  tried  again  a  second  time,  and  the  second  trial  corrol 
the  results  of  the  first.  It  had  thus  been  ascertained  that  t 
occluded  in  steel  had  the  following  composition : — 

Hydrogen 78*6  per  cent. 

Nitrogen 20*4  , , 

Carbonic  Acid 0*2  ,, 

Carbonic  Oxide  0*8  ,, 

100  0 


So  that  it  was  not  carbonic  oxide  gas  at  all,  but  hydrogen  and  nit 
It  was  quite  clear  from  the  photograph  that  the  gases  existed  in 
in  a  high  state  of  tension  ;  and  this  was  further  proved  by  the 
quantity  of  gas  got  out  of  the  comparatively  small  hole  he 
described,  from  which  301  cubic  centimetres,  or  18  cubic  inchi 
gas  was  collected  at  atmospheric  pressure.  He  therefore  consic 
the  process  of  compressing  steel  by  steam  pressure  would  be 
valuable.  If  all  steel  makers  would  take  the  trouble  to  slot  i 
ingots  in  the  way  he  had  described,  he  thought  they  would 
surprised  at  the  unsoundness  revealed,  and  would  arrive  at 
conclusion  that  it  was  absolutely  necessary  to  get  rid  of  the  g 
in  order  to  obtain  sound  steel.  It  appeared  to  him  that  gases  en* 
in  steel  almost  in  the  same  manner  as  carbonic  acid  gas  existec 
soda-water  ;  and  it  was  only  necessary  to  have  sufficient  pressnn 
the  top  of  the  ingot  to  expel  them  altogether.  He  really  thoi 
that  was  the  only  theory  which  could  be  accepted ;  at  any  nl 
had  the  merit  of  simplicity. 

The  Pbesident  said  he  did  not  understand  the  comparison  i 
soda-water.  When  the  pressure  was  on  the  soda-water,  the  caib 
acid  gas  was  dissolved  in  it;  but  when  the  pressure  was  loin 
the  gas  escaped.  Did  Mr.  Eichards  speak  of  expelling  the 
mechanically  from  the  steel,  or  of  absorbing  it  chemically?  Dii 
metal  absorb  the  gas  under  the  pressure,  as  the  soda-water-iibiQ 
carbonic  acid  gas ;  or  did  the  pressure  drive  out  the  babbles  ? 
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Ur.  £.  W.  BiOHABDs  considered  that  the  gas  existed  in  steel 
in  a  gaseouB  state,  and  was  tboronglily  mixed  with  it ;  it  only 
lequired  mechanical  pressure  to  get  rid  of  it.  The  ingots  shown 
in  Figs.  18  and  19  proved  that  the  gas  had  been  squeezed  into  the 
centre  while  the  steel  was  fluid,  and  then  forced  out  through  the 
bottom  of  tlie  ingot  mould,  the  pressure  being  only  on  the  top. 


Dr.  C.  W.  Siemens  said  the  advantages  to  be  derived  by  compressing 
steel  in  a  fluid  condition  had  been  proved  by  Sir  Joseph  Whitworth, 
who  for  a  number  of  years  had  produced  steel  of  a  very  high  quality, 
made  in  the  open-hearth  furnace,  and  subjected  to  very  high  pressure 
nj  hydraulic  pumps  while  in  the  state  of  fluidity.  Other  steel 
BHiikers  had  tried  to  arrive  at  the  same  result  by  similar  means.  This 
visperiiaps  the  first  paper  that  had  been  brought  before  them  giving 
a  distinct  account  of  an  attempt  to  obtain  the  same  advantage  by 
{nssure  exerted  upon  fluid  steel,  without  resorting  to  the  very  thorough 
tak  expensive  plan  adopted  by  Sir  Joseph  Whitworth.  At  various 
Idhs  he  had  himself  tried  to  bring  pressure,  resulting  from  the 
ifoiitaneous  generation  of  gases  within  the  closed  ingot  mould,  to 
W  upon  steel;  but  he  had  not  obtained  altogether  satisfactory 
ivdtg.  Accordingly,  when  last  year  the  subject  of  steam  compression 
VM  farought  before  the  Iron  and  Steel  Institute,  he  immediately 
And  to  make  an  experiment ;  but  be  had  found  that  for  mild  steel, 
Wth  as  lie  operated  upon,  a  very  high  pressure  was  certainly 
ifieesBurjr.  Sir  Joseph  Whitworth  had  found  that  2  tons  per  sq.  in. 
^  the  pressure  necessary  to  produce  solid  metal.  They  now  heard 
tf  100  lbs.  or  150  lbs.  per  sq.  in.  being  sufficient  to  produce  success ; 
^  from  ihe^  photographs  exhibited  by  Mr.  Eichards  it  was  evident 
^  a  certain  degree  of  success  was  obtained,  although  the  holes  in 
•ks  melal  were  not  entirely  got  rid  of.  In  the  case  of  very  mild  steel 
^^7  were  also  troubled  with  holes  near  the  surface,  which  they  called 
^QDey-oombs ;  and  it  was  to  get  rid  of  these  that  the  heavy  pressure 
^emed  to  be  necessary.  The  large  cavities  formed  in  the  centre  of 
1^  ingot  would  no  doubt  be,  if  not  removed,  very  much  reduced  in 
^'  Mwe  hy  sncih  moderate  pressure  as  had  been  mentioned ;  but  he  was 
^  )oite  certain  that,  in  the  case  of  mild  steel,  to  get  rid  of  the  honey- 
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combs  they  would  Lave  to  resort  to  a  pressure  of  1  ton,  if  not 
2  tons,  per  sq.  in. 

With  regard  to  the  interesting  question  raised  by  Mr.  Bichird 
as  to  how  the  pressure  acted  upon  the  gases  which  had  been  occlude 
he  confessed  that  he  was  in  the  same  difficulty  as  the  President.  H 
could  not  conceive  how,  by  applying  pressure  to  a  fluid  mafls,  the; 
could  induce  one  ingredient  out  of  several  to  go  from  the  centre  i 
the  outside,  or  from  the  outside  to  the  centre.  The  pressure  was  tihi 
same  throughout  over  the  whole  surface ;  and  all  he  could  conceiye  wi 
that  by  that  pressure  the  volume  of  say  one  cubic  inch  of  gas  woolt 
be  reduced,  if  the  pressure  were  high  enough,  to  say  one-tenth  of  i 
cubic  inch;  or  it  might  be  that  the  gases  would  be  reabsorbe 
in  consequence  of  the  pressure,  and  thus  return  to  their  fonu 
combination  with  the  steel.  Mr.  Eichards  had  drawn  a  compuiso 
between  steel  and  soda-water.  Now  when  the  cork  of  the  soda-wat^ 
bottle  was  lifted,  the  whole  contents  became  a  froth,  and  might  1 
called  spongy  soda-water.  K  the  cork  were  pressed  down  again,  i 
frothing  would  immediately  cease,  the  gases  being  again  abeort 
in  the  liquid.  Therefore  it  was  quite  conceivable  that  by  i 
application  of  a  sufficient  pressure  to  fluid  steel,  although  the  ffa 
were  not  expelled,  they  might  remain  occluded  in  the  steeL 
imagined  that  this  would  be  the  real  solution  of  the  problem.  1 
there  could  be  no  doubt  that,  if  the  cavities  could  be  prevented 
the  ingots,  a  great  gain  would  be  secured ;  and  he  should  be  gbu 
see  that,  by  the  application  of  so  moderate  a  pressure  as  was  meniio 
in  the  paper,  this  result  could  be  obtained. 

While  discussing  the  question  of  steel,  he  should  be  glad,  with 
permission  of  the  President,  to  make  a  few  observations  upon 
more  general  question  of  mild  steel.  Within  the  last  week  or 
a  great  deal  had  been  said  about  this  steel  not  being  reliable,  and  1 
had  heard  of  boilers  giving  way  mysteriously  under  a  very  mod« 
pressure.  It  so  happened  that  he  had  been  made  cognisant  of  m 
of  the  circumstances  regarding  the  failures  which  had  been  promiiM 
alluded  to ;  and  he  might  say  that,  although  the  first  boikr 
failed  under  pressure,  the  second  was  found  to  be  rent  in  pi6oii 
the  same  manner  without  any  pressure  having  been  applied :  eki 
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lowing  that  it  was  not  a  case  of  weakness  of  the  metal,  nndor  so 
ay  moderate  a  pressure  as  140  lbs.  per  sq.  in. ;  bnt  that  from  one 
warn  or  another  the  metal  had  been  broken  and  cracked  previous 
t5  testing.  He  oonld  not  speak  as  to  the  cause  of  the  metal  being 
is  fliat  condition ;  and  he  would  only  say  at  present  that  mild 
M,  properly  made  and  properly  put  together,  would  not  burst  under 
ay  pressure  whatever.  If  a  boiler  made  of  mild  steel  were  subjected 
to  iQ  increasing  pressure,  it  would  be  found  impossible  to  burst  it. 
ial  it  was  natural  that  this  should  be  so.  A  material  that  would 
Mch  30  per  cent,  before  rupture,  would  naturally  give  way  first  at 
A»  weakest  sections,  namely  those  through  the  rivet-holes ;  the 
nand  rivet-holes  would  become  oblong,  until  sufficient  water  or 
ten  leaked  out  to  balance  the  amotmt  of  water  pumped  in  or  steam 
fnenled.  That  was  not  a  mere  hypothesis  of  his.  He  had  witnessed 
me  experiments  made  by  Mr.  Dean,  the  locomotive  superintendent 
rf  flie  Great  Western  Bail  way,  in  the  presence  of  Mr.  Parker,  the 
flUef  surveyor  of  Lloyd's,  and  described  in  a  paper  by  Mr.  Parker 
Mne  the  Inst,  of  Naval  Architects*  in  1878.  The  leakage  began  at 
KO  lbs.,  and  the  highest  pressure  reached  was  800  lbs.  Messrs. 
bton  and  Anderson  had  also  tried  a  boiler  made  of  mild  steel ;  and, 
b  order  to  increase  the  severity  of  the  test,  between  each  trial  they 
fit  the  boiler  into  a  furnace,  made  it  red  hot,  and  then  took  it  out 
ifun,  caulked  it  where  it  appeared  necessary  to  close  the  seams,  and 
tm  again  subjected  it  to  a  pressure  of  several  hundred  pounds  per 
■(.  in.  He  believed  that  Mr.  Greig  had  also  made  similar  experiments. 
It  might  therefore  almost  be  taken  as  an  axiom  that  a  steel  boiler 
mdd  not  be  burst ;  it  might  be  made  leaky,  but  that  was  all. 

With  regard  then  to  the  great  question  as  to  whether  mild  steel 
laa  a  reliable  material  or  not,  he  would  answer  most  unhesitatingly 
bat  it  was  the  most  reliable  material  they  knew  of ;  they  might 
WBch,  shear,  bend  it,  or  do  what  they  liked  with  it,  but  they  would 
oi  in  any  way  destroy  its  tenacity.  By  way  of  practical  proof  he 
D^it  mention  one  other  fact.     The  steamers  Iru  and  Mercury  had 

constructed  of  mild  steel  about  three  years  ago  for  the  Admiralty : 


^  See  TiuaaotionB  of  the  Institatloii  of  Naval  Architeots,  1878,  p.  178. 
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not  only  tlie  shell-plates  of  the  vessels,  bnt  the  angles  and  the 

of  the  boilers  were  all  constructed  of  that  material ;  and  amoi 

the  plates  and  angles  not  one  had  been  returned  as  defed 

quality.    Since  then  the  Admiralty  had  used  steel  for  the  const 

of  their  boilers  and  ship  plates,  almost  to  the  exclusion  of  iro 

although  probably  more  than  10,000  tons  had  been  used,  he  b 

he  was  correct  in  saying  that  no  plate  had  been  returned  ac 

cracked  or  unsatisfactory,  except  a  very  few  from  mere  mec 

blemishes.     There  had  been  no  case  of  mild  steel,  proper! 

and  worked,  giving  way  in  a  mysterious  and  treacherous  mann 

The  demon  of  cheapness  however  seemed  to  be  abroad,  an€ 

settled  especially  upon  steel.     The  works  with  which  he  wi 

particularly  connected  had  introduced  two  qualities  of  mild 

one  which  was  to  compete  for  price  in  the  open  market ;  and  a 

called  "  special  metal,"  which  was  Touched  for  as  being  in  eve 

reliable.     This  metal  was  not  only  made  of  more  expensive  w 

but  it  received  greater  attention,  and  was  worked  to  a  greater 

crop  ends  were  cut  off  more  resolutely  than  one  could  afforc 

under   all    circumstances;    aud   consequently  it   was    rathe: 

expensive  to  produce  than  ordinary  steel.    But  be  was  sorry 

there  were  many  engineers  who,  for  the  sake  of  £2  or  £3  p 

preferred  the  unguaranteed  material  for  the  construction  o 

boilers ;  others  however  took  only  the  special  or  guaranteed  n 

It  appeared  strange  to  him  that  there  should  be  such  a  te 

to  get  cheap  steel  for  the  construction  of  boilers  &c. ;  because, 

good  iron  boiler  was  wanted,  Yorkshire  iron  was  used,  costin 

£22  to  £40  a  ton  ;  whereas  reliable  steel  plates  could  be  obtai 

£14  to  £16  a  ton.  ^  The  special  steel  plates  thus  cost  a  gie 

less  than  what  engineers  were  willing  to  pay  for  the  best  Ya 

plates;   but   engineers   would  have   the  cheapest  steel,  at  ] 

£11  to  £13  a  ton,  and  took  their  chance.     He  thought  it  was 

dangerous  policy,  and  one  that  naturally  led  to  the  disflatiBfiu 

which  ihoy  had  heard. 

He  might  mention  another  form  which  steel  now  took,  and 
had  received  his  special  attention :  he  referred  to  the  prodne) 
rivet-bars.    For  a  long  time  engineers  had  oontinned  to  xm 
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Ifots  for  riveting  steel  plates  together.  He  had  always  considered 
ins  was  like  stitching  a  silk  gown  with  a  cotton  thread,  making  the 
titehing  material  a  weaker  thing  than  the  material  to  be  stitched, 
^tterlj  a  certain  confidence  had  been  created  in  favour  of  steel  for 
tfBt-making ;  and  great  care  was  taken  in  producing  rivet-steel  of 
■k  a  quality  as  would  make  it  perfectly  reliable.  But  what  was 
ke  itct  ?  Since  rivet-steel  had  been  brought  into  the  market,  it  was 
ot  sold  for  so  high  a  price  as  was  given  for  the  best  rivet-iron.  The 
itter  cost  as  much  as  £19  a  ton,  but  for  rivet-steel  engineers  went 
bm  at  once  to  the  very  cheapest  quality  they  could  got,  which  he 
1^  mention  was  steel  rolled  from  crop-ends,  and  with  all  the 
Ubcts  of  crop-ends  about  it.  It  was  therefore  unfair  to  criticise 
M  severely,  unless  all  the  droumstances  regarding  it  were  known, 
nd  above  all  things  unless  it  was  known  what  price  had  been  paid 
far  it. 

lir.  Thomas  Adams  had  had  the  honour  of  making  experiments 
iorthe  Board  of  Trade  on  the  strength  of  mild  steel  plates.  The 
Aen  of  that  department  had  for  some  years  been  experimenting 
it  Liverpool  and  elsewhere,  without  being  able  to  get  beyond  about 
Mo  lbs.  per  sq.  in.,  or  to  destroy  a  ^in.  plate.  At  the  Steam 
Inigition  Co.'s  works  in  London  they  reached  the  unprecedented 
FBKore  of  1800  lbs.  per  sq.  in.,  but  still  they  could  not  destroy  a 
A*)!!-  plate.  They  then  entrusted  the  work  to  him  at  Manchester, 
^  he  had  succeeded  in  getting  up  a  pressure  sufficient  to  destroy 
^  pUtes  they  tried,  with  only  an  inch  ram,  having  a  6-in.  stroke, 
^  worked  by  hand.  The  highest  pressure  reached  was  2050  lbs. 
'^  iq.  in.,  without  the  semblance  of  a  leak.  The  test  they  gave  the 
^  was  that  they  forced  the  pressure  up  to  500  lbs.,  and  then  took 
^  piessnre  ofi^  and  measured  the  distortion  of  the  plate ;  they  then 
Pplied  the  pressure  again,  increasing  it  to  550  lbs.,  and  measured 
^  distortion  again ;  and  so  on  by  steps  of  50  lbs.  up  to  2050  lbs. 
lie  steel  that  stood  the  highest  test  was  that  of  Dr.  Siemens. 

With  regard  to  the  subject  of  compressed  stool,  he  believed  the 
Ij  benefits  obtained  were  those  derived  from  getting  rid  of  the 
les  in  the  centre  of  the  ingot.     The  interstitial  spaces  between  the 

2\1 


In  ordioarj  cooling,  wLen  the  internal  friction  of  tli 
the  power  reptesented  b;  their  mntuol  attraction  b 
the  molecules  coold  go  no  farther  towards  one  a 
interatitiitl  epacee  conld  not  be  farther  filled  np 
cooling  of  the  metal ;  bat  the  application  of  an; 
Inrought  the  molecnlee  farther  in  towards  one  an 
additional  snrface  of  contact  between  them  ;  and  the  i 
have  a  greater  tensile  strength  than  it  wonld  have 
the  natural  way. 

Mr.  A.  Paget  askod  whether  the  plates  tested  bj 
spherical,  tnbnlar,  or  flat ;  also  if  he  wonld  state, 
events,  what  the  sizes  were,  in  what  way  the  join 
what  the  test  was. 

Mr.  T.  Adaus  said  the  plates  were  flat  snri 
square.  There  was  a  frame  3  in,  thick,  with  a 
bolted  at  the  back  of  it,  which  wonld  not  break ;  ani 
destroyed  was  fixed  in  firont  by  the  same  bolts.  To 
he  simply  took  a  piece  of  twine  and  laid  it  rouud  an< 
a  joint  of  two  strands  of  twine  inside  and  two  onl 
bolts.    The  plate  in  front,  under  a  certain  amonst  of 
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Mr.  G.  J.  Skblus  had  given  some  attention  to  the  question  of 

^npresBing  steel,  which  was  one  that  deserved  to  be  followed  up  in 

a  BOfe  scientific  way  than  hitherto.    Mr.  Richards'  illnstration  was 

Aat  of  the  gases  in  a  soda-water  bottle ;  but  this  he  thought  was 

kidlj  to  the  point.    Speaking  from  the  chemical  as  well  as  the 

»Mhanical  side^  it  was  clear  there  were  two  ways  of  approaching  the 

fWBtum  of  destroying  these  gas  bubbles.     One  was  by  applying 

■eduuiical  means  for  getting  rid  of  them ;  and  if  the  result  were 

mdied  in  this  way,  that  would  be  sufficient  for  all  practical  purposes. 

Bst  it  was  certainly  important  to  find  out  why  the  desired  end  should 

hm  been  reached  in  this  way.    Mr.  Hichards  had  mentioned  that 

Ane  had  been  rather  a  delusion  as  to  the  nature  of  the  gases 

tKkMed  in  steel ;  inasmuch  a^  for  a  considerable  time  it  had  been 

fqypoeed  that  the  only  gas  contained  in  steel  was  carbonic  oxide.   It 

IBS  true  that  for  some  time  that  view  had  been  held :  he  thought 

it  originated  with  Mr.   Bessemer,  who  had  told  them  that,  in  a 

i«y  early  stage  of  his  experiments,  he  had  put  an  ingot  of  steel, 

imaiediately  after  casting,  into  an  air-tight  vessel,  from  which  he 

bd  afterwards  drawn  off  the  ordinary  air ;  he  had  then  gone  on 

pnmping,    and  had  got   an    enormous  volume  of  carbonic  oxide. 

Ho  doubt  that  was  to  a  considerable  extent  a  correct  experiment, 

nd  there  was  a  large  quantity  of  carbonic  oxide  given  off  from 

Ae  ingot  during  the  time  it  was  setting.     But  what  he  wished  to 

foint  out  was  this:  that  during  the  process  of  blowing  in  the 

Bwemer  converter  there  were  a  number  of  gases  generated  in 

•dfition  to  those  which  were  blown  through  the  metal.     Air  was 

Down  through  the  metal,  containing  nitrogen,  oxygen,  and  some 

tttbonie  acid;  but  in  the  process  of  blowing,  carbonic  oxide  and 

tniwDic  aoid  were  generated.     At  a  very  early  meeting  of  the  Iron 

ttd  Steel  Institute  he  had  had  the  honour  of  reading  a  paper*  on 

the  ecmiposition  of  the  gases  which  were  evolved  during  the  Bessemer 

;  and  he  had  clearly  shown  that  at  the  beginning  of  the 

carbonic  acid  was  mainly  generated  ;  and  that,  as  it  went  on, 

Bubonic  oxide  was  the  main  product;   and  that,  whereas  at  the 


^  See  Jonnial  of  the  Iron  and  6teel  Institute,  1871,  vol.  ii.,  p.  247. 
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begfzming  there  wms  about  10  or  15  per  cent,  of  cftrbonie  ic 
the  gmrn  ccming  out  of  tlie  conTerter,  the  experiment  finished 
a  Tery  little  carfaooic  acid  and  between  20  and  30  per  oei 
carbonic  oxide.  That  experiment  had  been  repeated  hj  Tuioni 
investigators^  and  found  to  he  correct.  Thej  had  therefore  oo 
out  of  the  metal,  nitrogen,  oxygen,  carbonic  acid,  and  cii 
oxide ;  and  it  was  a  question  which  of  those  gases  was  retaiii 
the  metal  and  formed  the  caTities. 

As  to  this  he  wished  to  point  out  that  there  were  two  festm 
the  case.  There  was  no  douht  that  certain  metala  occluded  ec 
gases.  For  instance,  pallailinm  would  occlude  hydrogen  up  to  i 
hundred  times  its  own  Tolume.  It  was  clear  that  gas  in  that 
did  not  exist  in  the  carities  only.  Again,  silTer  ooduded  ox; 
hut  did  not  occlude  hydrogen ;  it  gaTO  out  oxygen  at  the  pd 
setting.  The  well-known  action  of  a  globule  of  silYer  al 
moment  of  setting  had  been  carefully  investigated,  and  it  had 
proved  to  be  due  to  the  oxygen,  which  had  heen  occluded  whih 
metal  was  in  a  fluid  state,  and  was  given  out  when  the  metal 
It  was  therefore  clear  that  certain  metals  had  affinities  for  ce 
gases,  as  palladium  for  hydrogen,  and  silver  for  oxygen;  an 
thought  it  would  be  fuund  that  steel  had  an  affinity  for  ciri 
oxide,  and  occluded  it.  On  the  other  hand,  he  thought  it  wool 
found  that  the  affinity  of  steel — or  rather  of  pure  iron,  because  it 
hardly  correct  to  call  it  steel — was  less  for  hydrogen  than 
carbonic  oxide ;  and  the  consequence  was  that,  when  those  gases ' 
all  formed  in  the  mass  of  metal  together,  carhonic  oxide  was  prob 
occluded  and  scaled  up  in  the  iron,  like  hydrogen  in  paUadiiD 
oxygen  in  silver ;  whereas  hydrogen  was  not  so  easily  ooduded, 
therefore  remained  in  the  cavities.  Perhaps  therefiore  they  ^ 
right  in  assuming  that  the  bulk  of  the  gas  which  came  out  of  sitf 
the  moment  of  setting  was  carbonic  oxide.  Prof.  MiiUer  of  Omd 
had  been  the  first  to  prove  that  the  gases  remaining  in  the  cavi 
were  mainly,  as  Mr.  Eichards  had  said,  hydrogen  and  nitrog 

*  Seo  l*nx;ecdiDg8  InBtitution  of  Civil  Eugineen,  vol.  Ivi.,  page  S80; 
voL  Ix.,  poge  495. 
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he  thouglit  were  very  important  facts  to  bear  in  mind  in 
oddering  the  question  of  getting  rid  of  gases. 
He  thought  farther  that  it  would  be  found  there  was  another 
tkod  of  getting  rid  of  the  gases,  besides  pressure.  It  was  likely 
k,  when  pressure  was  applied,  not  only  was  the  gas  that  was 
lamed  in  the  cells  compressed  into  a  smaller  space — ^for  he  could 
beliere  that  it  was  squeezed  out — but  also  that  the  metal  under 
t  compression  acquired  a  greater  power  of  occluding  those  gases ; 
therefore  part  of  the  gas  might  re-enter  the  metal  in  that  occluded 
dition,  while  another  part  of  it  might  simply  be  compressed.  If 
■  was  the  case,  it  was  quite  probable  that  some  chemical  means 
;ht  be  found  for  causing  the  hydrogen  to  be  occluded  in  the  steel 
ead  of  forming  bubbles.  It  appeared  from  the  experiments  of 
M&Uer  and  Mr.  Bichards  that  those  bubbles  were  not  formed  of 
xmio  oxide,  but  of  hydrogen.  He  hoped  therefore  they  might 
mately  arrive  at  means  of  getting  some  constituent  into  the  steel 
ch  would  cause  the  hydrogen  to  be  occluded  in  the  same  way  as  the 
xmic  oxide  was  already  occluded ;  and  if  this  were  done,  it  was 
ir  there  would  be  no  gas  bubbles  due  to  that  cause.  There  might 
I  be  carities  due  to  the  shrinkage  of  the  metal  in  the  interior, 
9  the  outside  had  set ;  and  such  a  case  at  present  was  only  to  be 
ed  by  outside  compression.  It  was  therefore  important  to 
otigate  the  other  side  of  the  question — the  chemical  side — and 
tee  whether  those  cavities  could  not  also  be  reduced  by  chemical 
Dketallargical  means. 

Xr.  John  Hates  suggested  that,  if  it  were  wished  to  derive  the 
itest  benefit  from  the  application  of  steam  pressure  to  fluids  and 
^  metals,  it  would,  in  the  present  instance  especially,  be  better 
idmittho  steam  at  both  ends  of  the  mould,  rather  than  on  the 
'  only.  The  practical  application  of  that  principle  in  a  somewhat 
iified  form  might  be  seen  in  the  duplex  steam-hammer,  as  often 
iied  for  important  forgings,  as  in  welding  up  the  rims  of 
nght-iron  wheels  for  locomotive  engines.  The  application  of 
ct  steam  pressure  at  the  top  would  not  be  likely  to  cause  that 
sore  to  penetrate  uniformly  throughout  the  ingot ;  and  therefore 


I 


Mr.  T,  B.  Sharp,  wbo  concurred  with  Mr. 
tlic  last  Bix  or  seven  yuare  ho  bad  beeii  csporim 
of  metals ;  and  he  had  succeeded  by  chemu 
copper  (DotoriooHl;  «  most  difficult  metal)  peri 
bottom  to  the  top,  in  an  ingot  1  ft.  high  and  7 
been  done  by  chemical  means  entirely.  Cast 
ttnder  any  system  of  preesiire  was  in  his  opi 
and  temporary,  until  the  right  chemical  meam 
for  doing  the  work  without  pressnre.  This  ha 
realised  in  the  case  of  copper.  Taking  a  lad 
he  had  poured  some  into  one  mould  t^  the  oi 
was  Tory  poroos ;  and  he  had  poured  some  inl 
treated  it  chemically,  and  it  was  perfectly  so 
difference  at  all  in  the  analysis  of  the  two; 
their  specific  gravi^,  and,  when  rolled  down,  in 
Had  the  porous  oastii^  been  oompreased  and  ro] 
sound  it  would  have  been  full  of  "  cold  shuts 
cast  copper  was  so  uniform  that  a  piece  plan 
top  of  the  ingot  would  show  no  difference  as  i 
from  a  piece  planed  off  die  bottom  or  any  othei 
cast  under  preaanre  were  formerly  sold  at  If. 
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pMnd  from  the  side  of  the  mould  into  the  metal  and  stopped  there ; 
and  there  was  a  third  species  of  bnbble,  which  in  his  opinion  was 
pnsL  out  in  the  act  of  setting.  He  considered  pressure  only  got 
Bd  of  the  muBolated  bubbles  on  the  outside,  which  being  connected 
liih  the  outside  atmosphere  became  gradually  less  and  less,  and  were 
diDiitiely  flattened  up  against  the  sides  of  the  mould.  The  bubbles 
anAe  inside  were  simply  reduced  in  diameter  in  proportion  to  the 
jnmaxe ;  they  could  never  disappear  even  under  very  intense  pressure, 
nkfls,  if  such  a  thing  were  possible,  the  gas  was  forced  into  chemical 
nnUnation;  but  the  microscope  had  revealed  the  contrary  in  all 
fte  specimens  of  mechanically  compressed  metal  that  he  had  ever 
Bunined.  Again,  apart  from  the  want  of  thoroughness  and  the 
Mtly  nature  of  the  pressure  cure,  a  further  reason  why  he  considered 
Ae  ehemical  method  the  true  one,  and  the  one  which  ought  to  be 
Bmed  at  in  steel,  was  that  only  the  very  simplest  forms,  such  as  bars 
tt  thick  cylinders,  could  be  treated  by  pressure ;  castings  of  a 
complicated  nature  could  obviously  be  treated  by  chemical  means 
ikne.  He  aiK>logised  for  having  strayed  in  his  remarks  from  steel 
tooopper;  but  as  all  the  same  difSculties  to  be  met  with  in  casting 
fte  one  metal  were  present  in  casting  the  other,  he  had  done  so  with 
i  new  to  directing  the  thoughts  and  experiments  of  steel  makers 
towttds  what  he  had  long  suspected,  and  had  recently  foand,  to  bo 
Aa  light  groove  as  regarded  copper. 

The  PBESiDXirT  said  Dr.  Siemens  had  mentioned  a  fact  which  was 
veD  known  to  some  of  them,  namely  that  a  mild  steel  boiler  could 
^  be  burst  with  hydraulic  pressure.  He  was  perfectly  convinced 
«f  that  himself ;  but  he  thought  some  of  the  members  who  were  not 
lafjilly  convinced  respecting  it  would  like  to  have  the  satisfaction 
tf  leeing  such  an  experiment  performed,  and  he  had  asked  Mr.  J.  T. 
hift  some  months  before  to  prepare  a  small  experiment  of  the  kind. 
The  members  would  accordingly  see  in  the  afternoon,  at  the  Barrow 
B^  Works,  a  small  steel  boiler,*  4  ft.  in  diameter  and  4  ft.  long, 

^  Ttig  boOer  stood  420  lbs.  per  sq.  in.,  and  then  leaked  so  much  as  to 
^vopovir  the  pomp.    See  in/ra,  p.  483. 
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as  shown  in  Figs.  20  and  21,  Plate  56,  which  they  would  try  to  k 
with  hydraulio  pressure,  and  he  bolieyed  they  wotdd  find  that  it  i 
impossible  to  burst  it ;  they  would  simply  make  it  leak  badly. 

Mr.  Abthub  Paget  asked  if  the  author  would  kindly  infonn 
members  whether  it  was  within  his  knowledge  that  (as  he  was  him 
informed),  before  the  system  of  compressing  steel  by  high-prea 
steam  was  known  either  in  England  or  America,  a  paper  had  b 
read  before  a  sister  Institution  in  France,  embodying  identically 
same  principle,  with  the  addition  that  the  writer  of  that  pi 
had  found  the  action  of  the  steam,  in  compressing  the  steel, 
assisted  if  there  were  the  means  of  keeping  the  top  of  the  in 
fluid  for  a  longer  time.  Perhaps  the  author  would  state  whet 
that  was  the  case ;  because  if  so,  as  a  matter  of  international  courfa 
the  name  of  the  writer  who  had  carried  out  the  experimenta  i 
written  the  paper  ought  to  be  known. 

He  should  like  also  to  ask  the  author  whether  he  was  aware  t 
(as  he  had  been  informed)  a  system  somewhat  parallel  to  the  < 
described,  but  using  air  as  a  means  of  communicating  the  preason 
the  ingot,  was  now  in  use  at  Bolton. 

There  was  one  part  of  the  author's  paper  which  he  did  i 
quite  understand.  At  page  400,  it  seemed  to  be  implied  that ' 
pressure  by  a  ram  on  the  ingot  would  have  a  different  e£foct  fr 
that  of  pressure  by  an  elastic  medium  like  air  or  steam.  If  i 
object  of  the  pressure  was,  as  Mr.  Bichards'  interesting  lenii 
led  them  to  suppose,  to  cause  the  gases  to  sweat  out  of  the  bmI 
then  it  seemed  to  him  there  was  no  difiference  between  the  el 
of  the  elastic  fluid,  steam  or  air,  and  that  of  a  solid  nun.  If 
the  other  hand  the  idea  was  that,  instead  of  the  gas  sweatiiig  < 
through  the  pores  of  the  steel,  the  pressure  caused  the  melal 
combine  chemically  with  the  gas,  then  it  appeared  as  if  ita< 
or  air  might  have  a  better  effect  than  the  solid  ram. 

Mr.  B.  £.  B.  Cbomfton  observed  that,  in  the  gases  tAi 
Mr.  Bichards  appeared  to  have  found  to  consist  mainly  of  hydn( 
and  nitrogen,  the  proportions  were  very  closely  those  ihal  no 
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hm  ammonia ;  and  the  ammonia  being  soluble  in  water,  it  was 
qato  possible  that  the  steam  process  might  considerably  aid  the 
extrication  of  the  gases  from  the  steel  by  the  combination  of  ammonia 
with  the  water  in  the  steam. 

With  regard  to  the  question  of  the  occlusion  of  gases  in  iron 
nd  other  metals,  Mr.  Edison  in  America  had  made  a  series  of 
interesting  experiments  on  wire— whether  his  published  results  had 
kflQ  confirmed  bj  the  researches  of  others  or  not,  he  had  not  heard, — 
nd  apparenilj  had  come  to  the  conclusion  that,  if  the  whole  of 
fte  oeduded  gases  were  expelled,  the  metal  entirely  lost  its  ductility, 
nd  became  extremely  hard.  That  was  equally  the  case  with  iron 
lire  and  with  platinum.* 

Mr.  B.  H.  TwEDDELL  asked  the  author  to  state  what  was  the 
ip^c  gravity  of  the  ingots  after  being  subjected  to  the  pressure,  as 
Mopared  with  those  not  subjected  to  it. 

Mr.  WiNDfiOB  BiOHABDS  askcd  leave  to  mention  that  the  gase& 
'^  hA  referred  to  were  taken  from  steel  not  compressed  'at  all. 

Mr.  Davis  in  reply  said  that  Mr.  Eichards'  photographs  showed 
4it  a  moderate  pressure  had  a  decided  efifect  upon  the  ingot,  but  that 
fte  pressure  tried  had  been  insufficient ;  and,  as  Mr.  Eichards  had 
ihted,  Messrs.  Bolckow  Yaughan  and  Co.  were  now  fixing  a  boiler 
^  be  worked  at  a  pressure  of  250  lbs.  per  sq.  in.  For  ordinary  rail 
Mai  he  did  not  think  more  than  200  lbs.  per  sq.  in.  would  be 
^Bond  necessary.  At  the  Barrow  Steel  Works  on  the  previous  day 
*6TQral  ingots  had  been  cast  under  175  lbs.  or  180  lbs.  pressure,  and 
<^  of  those  ingots  would  be  exhibited  to  the  members  visiting  the 
^^  in  the  afternoon.  One  of  the  most  important  points  was  to 
M9^7  the  pressure  directly  after  the  pouring  was  stopped.  In  the 
^Qaogement  he  had  suggested  to  Mr.  J.  T.  Smith,  which  had  now 
^  carried  out  and  was  shown  in  Plate  54,  the  pressure  could  be 


^  See  Fint  Report  of  the  Gommiitee  on  the  Hardening,  Tempering,  and 
baealingof  SteeL 


Siemens  aecmcd  to  think,  it  appeared  to  him  th 
coiiKI  be  iinsily  obtaineil.  In  tLo  boilers  constn 
to  which  he  hkd  alluded  in  his  paper,  there 
obtaining  as  high  a  preBanre  as  could  be  deaii 
of  oondacting  the  steam  at  high  presaue  was  gr 
preesnre,  becanBe  they  oonld  work  with  a  Bmall 
tabes. 

Mr.  Paget  had  asked  whether  he  was  aware  1 
had  been  applied  in  France.  He  was  quite  awa 
and  in  the  draft  of  his  paper  he  had  inserted 
apon  that  matter;  but  that  paragraph  had  1 
believed  on  the  ground  that  the  Institution  di 
with  priori^  of  invention.  As  the  matter  had 
might  be  aUowed  to  read  an  extract  from  a 
leceiTod  from  Mr.  H.  S.  Jones  on  the  anbject  ;— 
published  in  Engineering  of  21  Noyember  1879 
'  The  Consolidation  of  Fluid  Steel,'  and  signed  < . 
that  I  first  experimented  on  compressing  steel 
I  have  no  desire  to  take  &om  M.  Oonsiddre  one 
hia  inTention.  It  seems  tb«t  we  both  hit  on  th 
the  same  time,  and  being  separated  b;  thonsani 
be  no  doubt  that  it  is  a  case  in  which  the  integi 
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figs.  9  to  15,  Plate  55,  which  had  not  been  referred  to  in  the  paper, 
were  simply  sketches  of  methods  for  constructing  ingot  moulds.  By 
Ik  mode  shown  in  Fig.  9  he  thought  they  might  dispense  with  one  of 
fa  joints ;  there  would  be  a  conical  plug  at  the  bottom,  which  the 
vei^  of  the  metal  would  keep  tight,  and  there  would  only  be  a  top 
joint  to  contend  with.  After  the  ingot  had  been  cast,  the  mould  was 
iBieDded  to  be  tamed  oyer,  and  the  ingot  dropped  out  in  the  ordinary 
Wf.  The  joint  shown  in  Fig.  8  he  believed  was  one  suggested  by  ^ 
Dr.  Siemens,  in  connection  with  Col.  Beaumont's  engines  using 
Qompressed  air  at  a  very  high  pressure.  Figs.  10  and  11  showed 
a  joint  for  the  bottom  of  the  mould,  designed  by  Mr.  Henriqnes. 
Tim  were  two^  three,  or  four  wedges,  wedging  the  mould  down 
igunst  the  lips  of  the  bottom  plate.  Figs.  12-14  showed  an 
tkernatiye  arrangement,  with  T-headed  bolts  instead  of  wedges. 
Rgi  15  showed  a  joint  designed  by  Mr.  Oharles  J.  Allport  to  be 
nude  of  asbestos,  which  might  be  found  a  usef  al  material.  A  good 
jobt  he  thought  might  also  be  made  at  the  top  with  a  simple  ring 
tf  eopper  wire  ^  in.  thick. 

The  Pbbsident  moved  a  vote  of  thanks  to  Mr.  Davis  for  his 
intensting  paper,  which  was  carried  by  acclamation. 


The  Meeting  was  then  adjourned  to  the  following  day. 


The  Adjourned  Meeting  was  held  in  the  Town  Hall,  Barrow,  on 
Xhunday,  5th  August,  1880,  at  Ten  o'clock,  a.m.;  Edwabd  A. 
OowpXR,  Esq.,  President,  in  the  chair 

The  following  paper  was  read : — 
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ON  A  NEW 
REVERSING  AND  EXPANSIVE  VALVE-QEAB. 


By  Mb.  DAVID   JOY,  of   London. 

The  Reyersing  and  Expansiye  Valye-Motion,  which  is  the  si 
of  the  present  paper,  was  originally  drawn  out  by  the  writes 
cmde  state,  but  possessing  all  its  present  elements,  in  the 
1868-9 ;  and  has  since  been,  at  different  times,  the  subject  of  freq 
inyestigation  and  experiment  on  his  part.  In  1877  he  made 
special  study,  first  working  it  out  on  paper,  and  afterwards  testiii( 
the  moyements  and  positions  by  means  of  models.  And  thiis^  paa 
through  innumerable  forms  under  the  correction  of  yarious  erron 
action,  it  has  ended  in  the  arrangement  which  is  now  submitted 
the  Institution. 

In  passing,  the  writer  may  call  attention  to  the  fact,  that  iiufl 
only  one  of  the  many  instances  where  inyentions  are  the  iw 
of  a  long  course  of  work,  followed  in  a  giyen  and  definite  diiecb 
and  with  a  special  end  in  yiew.  It  thus  helps  to  disproye  the  fbefl 
of  opponents  of  the  patent  system,  who  rather  characterise  inyentk 
as  lucky  chances,  which  men  of  scheming  brains  fall  upon  wiAc 
expecting  it.  A  few  such  cases  do  occur,  just  to  giye  colour  tot 
statement ;  but  eyen  these  generally  happen  to  men  who  bate  h 
working  laboriously  on  some  kindred  subject. 

In  the  writer's  case,  as  an  engineer,  his  attention  has  b 
specially  directed  by  circumstances,  and  perhaps  partly  by  ti 
to  the  question  of  the  moyement  of  the  yalyes  in  steam  and  o 
engines.  As  a  pupil  at  the  Railway  Foundry,  Leeds,  he  was  tiioiroaj 
initiated  into  the  mysteries  of  lead,  lap,  port,  and  trayd,  bj 
inyestigation  and  obseryation  of  John  Gray's  yalye-motion  as  m 


August  1880. 


BXTKB8IN0  AND   EXPANBIYE   YALYS-GEAB. 


419 


to  locomotiTes,  the  first  instance  in  which  expansion  was  so  applied 
soooessfiilly.  Those  who  are  familiar  with  the  ingenious  details 
and  perfect  action  of  Gray's  motion  will  not  bo  surprised  at 
the  strong  bias  thus  giYen  to  the  writer's  mind  in  this  direction; 
and  the  conYiction  was  gradually  attained  by  him  that  the  proper 
distribation  of  the  steam  in  a  steam-engine  is  the  Yery  life  and 
aoul  of  the  machine,  and  that  the  mechanism  for  effecting  this  object 
cannot  receiYe  too  careful  or  too  minute  attention* 

The  great  complication  of  6ray*s  motion  and  the  difficulty  of 

keeping  it  in  order  (partly    owing    to    the    Ycry    perfection  and 

lofinement  of  the  action),  were  no  doubt  the  causes  of  its  falling  out 

d  Hie,  and  giving  place  to  others  more  simple  though  less  perfect  in 

fteir  action.   These  were  again  finally  superseded  by  the  Yery  general 

tloption  of  the  "  Link  Motion,"  now  employed  almost  uniYcrsally 

tj  English  and  American  engineers,  and  Ycry  widely  also  on  the 

Qnftment,  though  with  a  greater  disposition  there  to  depart  from 

tMlkhed  usage.      To  the  link  motion  the  writer  will  refer  in 

As  following  paper   as   the  most    satisfEictory,  because   the  most 

tPOfaaXlj  known,  standard  of  comparison ;  and  by  this  standard  he 

kptt  to  show  that  a  distinct  advance  has  been  made  in  the  YalYe- 

Btotkm  now  to  be  described. 

The  link  gear  in  its  turn  became**  the  subject  of  Yery  careful 

^letioal  analysis  by  the  writer,  while  he  had  the  charge  of  the 

'^iDiiig  stock  of  a  railway  in  the  Midland  counties ;  where  the  high 

Kee  of  coke  rendered  necessary  a  careful  attention  to  economy  of 

^d  eonsomption.    Here  he  personally  superintended  the  setting  of 

'^^^inben  of  YalYcs,  worked  by  link  gears  of  Yarious  descriptions ;  and 

^tluiged  them  in  many  Yaried  positions  and  proportions,  all  with 

^  view  of  obtaining  an  even  distribution  of  steam  together  with  an 

equal  lead ;  but  all  these  contributed  to  proYc  the  well  known  fact 

tUt  it  18  impossible  to  gain  both,  and  that  in  setting  for  one  the 

^^  is  seriously  sacrificed  ;  and  further  that  the  inequality  increases 

M  the  expansion  is  increased.     With  high  grades  of  expansion,  and 

vitii  the   link  gear  as  usually  constructed,  the  lead   becomes   so 

OiOMBiTe,  and  the  point  at  which  steam  is  admitted  is  so  considerably 

m  adfance  of   the  beginning  of  the   stroke,  that,    although  the 


tl.roiigliout  tlifi  two  Ic.aiug  acsidera 
JiiiTcaBcii  siiiijilicity  ami  iiicrcaKed  o 
these  methods  was  tbe  device  of  givii 
componnd  engine  ia  the  nsnal  maun 
the  kdmisBioii  Talve  for  the  Becond  c; 
Hteam  for  expansioD.  Afterwarde,  ^ 
directioii,  ha  employed  live  steam  to 
mechanical  connection  at  all.  Th 
well  in  the  case  of  reciprocating  ma 
ateam  pnmpe,  etc,  failed  to  give  th( 
TalvGB  of  engines  producing  a  ro 
back  to  Btrictl;  mechanical  appliance 
of  the  past  and  an  increased  know] 
laid  down  and  worked  oat  the  valve-: 
Perhaps  this  is  the  place  to  rema 
link  motion  has  held  its  own  so  w 
flspeciall;  dnring  the  last  few  years,  t 
motion  at  once  simpler  than  the  1 
errors,  has  engaged,  both  here  and  o 
several  engineers  whose  eminence  is 
attached  to  the  snbject.  Prominent 
Continent,  the  \^'alschaert  gear,  an 
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Eefening  now  to  the  anthor's  yalve-motion,  it  may  be  premised 
Ihat  the  original  intention  was  to  arrange  a  suitable  valve-gear  for 
fte  usual  t jpe  of  overhead  marine  engine,  abandoning  entirely  the 
VK  of  eccentrics,  and  taking  vertical  motion  from  the  air-pump  lever, 
aeunbination  with  transverse  motion  taken  from  the  vibration  of  the 
Mmeeting-rod.  It  is  on  this  general  principle  that  the  valve-motion 
ii  tmnged;  in  other  words,  the  combination  of  two  motions  at 
z^  ingles  to  each  other,  by  the  various  proportions  in  which  they 
tnwmbined,  and  by  the  positions  in  which  the  moving  parts  are  set 
vith  regard  to  each  other,  gives  both  the  reversal  of  the  motion  and 
Ae  nrions  degrees  of  expansion  required. 

The  action  of  the  gear  will  at  once  be  understood  and  followed  by 
'ifaeiioe  to  the  models,  or  to  Figs.  1  to  3,  Plato  57,  representing  an 
wfintij  overhead  marine  engine;  and  to  Figs.  4  to  6,  Plato  58, 
•Xfnsenting  a  horizontal  engine. 

Bderring  to  Fig.  4,  Plato  58,  from  a  point  A  in  the  connecting- 

>od^-pareferably  about  the  middle — motion  is  imparted  to  a  vibrating 

Ihk  B,  coDstrained  at  its  lower  end  to  move  vertically  by  the  radius- 

>od  G.    From  a  point  D  on  this  vibrating  link,  horizontal  motion  is 

p  •BBimnnifrated  to  the  lower  end  of  a  lever  E,  from  the  upper  end  of 

^Ueh  lever  the  motion  is  transmitted  to  the  valve  spindle  by  the  link 

^.  The  centre  or  fulcrum  F'of  the  lever  E  partakes  also  of  the  vertical 

VKyvonent  of  the  connecting-rod,  to  an  extent  equal  to  the  amount  of 

ill  ribnti<»  at  the  point  A ;  the  centre  F  is  for  this  purpose  carried 

^<BtioaUy  in  a  slot  J,  which  is  curved  to  a  radius   equal  to  the 

laagfh  of  the  link  O,  connecting  the  lever  E  to  the  valve  spindle. 

Us  slot  itself  is  formed  in  a  disc  or  sheave  K,  which  is  concentric 

vifli  the  centre  F  of  the  lever  E  at  the  moment  when  that  lever  is 

iifte  poflitioii  given  by  the  piston  being  at  either  end  of  the  cylinder. 

ttbdisc  ia  capable  of  being  partially  rotated  on  its  centre,  so  as  to 

Jadiae  the  slot  over  to  either  side  of  the  vertical,  by  means  of  the 

tam  and  hand-wheel  M,  thereby  causing  the  curved  path  traversed 

ij  tihe  centre  F  of  the  lever  E  to  cross  the  vertical  centre  line,  and 

£feige  from  it  on  either  side  at  will.     The  forward  or  backward 

motion  at  Hbe  engine  is  governed  by  giving  the  slot  this  inclined 

jNNritioii  on  one  or  other  side  of  the  vertical  centre  line;  and  the 

2i^ 
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amonnt  of  expansion  depends  on  the  amount  of  the  indinatia 
the  exactly  central  or  vertical  position  being  '^  mid  gear."  In  th 
position  steam  is  admitted  at  each  end  of  the  stroke  to  the  amon 
only  of  the  lead ;  and  this  is  done  exactly  equally  on  each  side  of  t- 
centre  line,  the  amonnt  of  lead  being  constant  for  forward  az 
backward  motion,  and  for  all  degrees  of  expansion.  Thns  wIb 
the  crank  is  set  at  the  end  of  the  stroke  either,  way,  the  centre 
of  the  valve-leYer  coincides  with  the  centre  of  the  slot,  and  therellK 
the  slot  may  bo  moved  over  from  forward  to  backward  gear  with* 
affecting  the  valve  at  all. 

It  will  be  seen  at  a  glance  that,  if  the  lower  end  D  of  the  hrrem 
were  attached  directly  to  the  point  A  on  the  connecting-rod,  th^* 
would  be  imparted  to  the  centre  F  of  that  lever  an  unequal  vilvafei: 
above  and  below  the  centre  of  the  disc  E.    The  extent  of  inequafl 
would  be  twice  the  versed  sine  of  the  arc  described  by  the  lower  ^ 
D  of  the  lever  E ;  and  this  would  give  an  unequal  port  and  une^' 
cut-off  for  the  two  ends  of  the  stroke.    But  this  error  is  corrected 
attaching  the  lower  end  D  of  the  lever  E  to  the  vibrating  link  B : 
while  the  point  A  on  the  connecting-rod  is  performing  a  nearly  fe 
ellipse,  the  point  D  in  the  vibrating  link  B  is  moving  in  a  figgr 
like  an  ellipse  bulged  out  at  one  side,  and  this  irregularity  is  so 
as  to  be  equal  in  amount  to  the  versed  sine  of  the  arc  described 
the  lower  end  of  the  lever  E,  thus  correcting  the  above  error,  == 
giving  an  equal  travel  to  the  centre  F  of  the  lever  above  and 
the  centre  of  the  slot.     At  the  same  time  the  error  introduced  by 
movement  of  the  end  of  the  valve-link  O  is  corrected  by  curving 
slot  J  to  a  radius  equal  to  the  length  of  O.     These  two  erroiB  ii 
however  bo  set  against  each  other,  and  a  compromiso  may  be 
attaching  the  end  of  the  lever  £  direct  to  the  ooimecting-iod  ai^ 
and  allowing  the  centre  F  to  slide  in  a  straight  slot.     By  a  jS 
balancing  against  each  other  of  the  errors  so  jiroduoedy  and 
making  the  centre  F  of  the  lever  E,  and  the  centre  of  the  diao 
to  coincide  at  varying  points  in  the  travel  of  the  fonner,  a  ftir  mot"^ 
may  be  got  for  the  forward  gear  of  an  overhead  m^^^^A  eDgiiMbgiv^^ 
a  longer  cnt-off  for  the  up  stroke  than  for  the  down  strain.    TUi^ 
of  course  at  the  sacrifice  of  the  baekwaid  gear,  in  wludi  tfie  lefCJ* 
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tk  cise ;  and  the  Yarions  degrees  of  expansion  are  between  the  two 
treme  oraiditionB. 

Befezring  again  to  the  equalising  of  the  traYerse  of  the  centre  F 
Ae  loYer  E  in  the  slot  J,  the  unequal  traYerse  may  be  either 
(lerHXxnected  or  OYer-corrected,  by  [shifting  the  point  D  in  the 
nting  link  B  nearer  to  or  further  from  A ;  by  this  means  a  later 
int  of  ont-off  may  be  giYen  to  either  end  of  the  cylinder  at  will, 
1  the  engine  may  thus  haYO  more  steam  admitted  to  one  side  of  the 
(km  than  to  the  other,  if  required.     The  same  thing  may  bo  done 
'  the  lead.  By  altering  the  position  of  the  crank  for  which  the  IcYcr- 
Btre  F  coincides  with  the  centre  of  the  slot  J,  an  increased  or  a 
ninished  lead  may  be  giYen.     The  central  positions  and  exact 
metionB  are  howcYer  in  all  cases  standard  and  equal. 
Hitherto  the  centre  F  of  the  loYcr  E,  which  giYes  motion  to  the 
l?e  spindle,  has  been  described  as  carried  in  a  curYed  slot.    This 
m  is  giYen  as  the  most  simple  to  manufacture,  and  for  clearness 
ba  has  been  adhered  to  throughout  the  description.    But  if  preferred 
B  centre  F  may  be  carried  by  a  radius-rod,  in  the  manner  shown  in 
gL  7  and  8,  Plate  59,  for  a  marine  engine.     Here  the  centre  F  is 
pported  by  a  link  L,  and  the  other  end  of  this  link  is  carried  by  a 
tt^lerer  N  N,  whose  fixed  centre  takes  the  place  of  the  centre  of 
e  dot  J  in  the  other  design.    In  the  central  position  of  this  weigh- 
vtt,  the  vibration  of  the  suspending  link  L  will  make  the  centre  F 
'fte  IcYer  E  describe  identically  the  same  arc  as  if  moYing  in 
tt  dot  J  while  in  its  central  position ;  and  by  rotating  the  weigh- 
nvr  N  to  either  side  of  the  centre  line,  the  arc  described  by  the 
A  will  correspond  precisely  with  the  curYe  of  the  slot  in  either  of 
I  extreme  positions,  as  well  as  in  every  intermediate  position  to 
Udi  the  rcYcrsing  IcYcr  may  be  set. 

The  peculiarities  of  this  motion  having  now  been  described,  it 
in  be  evident  that  it  may  be  applied  wherever  the  link  gear  is  now 
ipkjed :  with  this  difference  of  general  arrangement,  that,  where 
9  Unk  gear  requires  the  centre  line  of  the  valve  to  be  in  the  plane 
aeh  eontains  the  centre  lines  of  the  cylinder  and  crank-shaft,  this 
IT  lequireB  the  valve  centre-line  to  be  set  in  the  plane  which 
Itixis  the  cylinder  centre-line  but  is  at  right  angles  to  the  crank-shaft 
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Figs,  4  to  C,  Plate  58,  and  in  m 
locamotivcs  is  given  in  Figs.  IG  t< 
inside-cylinder  engine:  though  it 
equally  Boitable  for  outside  cylind< 
engines,  the  Art&iigeineiita  are  the 
The  gear  has  also  been  arranged  wi) 
also  from  the  extremity  of  the  Iot 
lengthened  for  that  purpose  beyond 
link  G.  The  lines  given  by  this  ti 
are  shown  by  the  parallel  dotted  1 
the  dmilar  lines  in  Fig.  11  reprei 
of  expansion  vaWe,  applied  on  the 
motion. 

We  now  come  to  the  advantages 
the  link  gear  for  onr  standard,  fo 
theeo  may  be  stated  as  follows.  1 
than  the  link  gear  by  fdlly  25  pt 
application  in  both.  The  writer  ha 
because  he  thinks  it  by  any  means 
any  engineer  would  assign  to  it,tb 
known,  the  first  question  asked  by 
any  new  invention  which  may  be  of 

mat  mnm  *l.on  Ao  rAH  amitain  9"      ' 
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M  gear  are  5  tons  6  cwtB.  0  qr.  25  lbs.,  those  for  the  new  gear  are 
i  kms  0  cwt.  1  qr.  27  lbs.,  showing  a  saying  in  weight,  in  favour  of 
iiie  new  gear,  of  1  ton  5  cwts.  2  qrs.  26  lbs.,  or  about  25  per  cent. 
Hie  Sftying  is  not  only  in  weight  however,  but  also  in  the  greater 
n^lidty  of  parts,  allowing  increased  facility  for  tooling  and 
ittmg. 

Secondly,  by  placing  the  valve  in  the  positions  shown,  namely  in 
took  in  a  marine  engine,  and  on  the  top  in  a  horizontal  engine,  a 
■ore  simple  and  easily  constructed  form  of  engine  is  obtained.  The 
fliiiden  also  lie  closer  together,  so  that  the  engine  is  shortened 
k  the  line  of  the  crank-shaft,  see  the  dotted  lines  in  Fig.  8, 
Rite  57.  Thus  in  a  marine  engine  space  is  gained  in  the  engine- 
Mn,  while  in  a  locomotive  larger  cylinders  may  be  got  into  the 
Mfined  space  between  the  frames;  and,  the  cranks  being  closer 
Aether,  room  is  left  for  increasing  the  length  of  the  main  bearings 
tf  the  crank-shaft.  All  the  centre  lines  of  construction  are  also 
•Iher  parallel  or  at  right  angles  to  one  another.  Thus  all  the  parts 
cf  an  engine  come  direct  off  the  tool,  and  go  square  together,  without 
ay  inclined  &ces,  such  as  require  care  in  setting  and  are  more 
tMily  in  erection. 

Thirdly,  the  new  gear  is  more  correct.    In  point  of  fact  it  is 
ibaoat  mathematically  correct    By  setting    out  the  centre  lines 
fioperly,  a  valve-path  diagram  is  given  similar  to  that  shown  in  Fig.  9, 
Hate  60,  where  the  lead  and  cut-off  are  exactly  equal  for  both  ends  of 
fte  e^linder,  and  remain  so  in  all  grades  of  expansion  to  mid-gear ; 
vd  where  the  port  opens  and  closes  by  the  amount  given  as  lead  at 
Cfiial  distances  on  each  side  of  the  centre  line.    The  only  variation 
Mftai  the  port  for  the  rising  stroke,  in  an  overhead  marine  engine, 
^ffBM  a  little  wider  than  the  port  for  the  falling  stroke.    In  practice 
kvever,  for  setting  the  valves  of  such  an  engine,  it  is  only  necessary 
t»  Eft  the  valve  on  the  valve  spindle  by  the  adjusting  nuts,  so  as  to 
iDow  say  \  in.  lead  for  the  top  and  f  in.  for  the  bottom.    Then  the 
fomis  of  cut-off  will  follow  relatively  in  similar  proportion,  and 
falve-paih  diagrams  will  be  produced  as  shown  in  Fig.  10,  where  the 
loads  and  points  of  cut-off  for  a  48-in.  stroke  are  respectively  |  in. 
lead  and  87  in.  cot-off  &r  the  rising  stroke,  as  shown  by  the  upper 
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line,  and  ^  in.  lead  and  85  in.  cut-off  for  the  descending  strob 
ahown  by  the  lower  line.  These,  compared  with  parallel  diagn 
Fig.  11,  taken  from  a  link  gear,  show  the  errors  of  the  link  coRec 
the  lead  and  cut-off  with  the  link  being  f  in.  and  85  in.  for  the  ri 
stroke,  and  ^  in.  and  37  in.  for  the  descending  stroke.  From 
latter  distribution  of  steam,  as  given  by  the  link  gear,  there 
greater  pressure  of  steam  to  drive  the  piston  down,  when  it  is  aasi 
by  the  falling  weights,  and  a  less  pressure  for  the  up  stroke  in  w 
all  the  weights  are  to  be  lifted.  This  produces  the  result  shown  ii 
following  Table,  as  compared  with  the  result  given  by  the  new  | 

TABLE  OF  TOTAL  PRESSURES. 


1 

I                 Do^TC  Stboke. 

■ 

Ur  Stbokv. 

Joy*B  Gear ,• 

TonH. 
Mean  Pressure       =     98 
(cut  off  at  35  in.) 
+  weights  falling  =      2 

Total 100 

T 
Mean  Pressure     =  1 
(cut  off  at  37  in.) 
—  weights  lifted  = 

Total 1 

■ 

Link  Gear \ 

Tons. 
Mean  Pressure       =102 
(cut  off  at  37  in.) 
+  weights  falling  =      2 

Total 104 

1 
Mean  Preasnie      = 
(cut  off  at  35  in.) 
—  weights  lifted  = 

Total ; 

■ 

It  will  be  seen  that  with  the  new  gear  the  total  effective  pna 
is  the  same  in  both  the  up  ^d  the  down  stroke ;  while  with  the  i 
there  is  an  inequality  (in  the  case  of  the  particular  figures  gifeo 
about  8  per  cent. :  an  inequality  very  noticeable  when  an  engiD 
running  slowly,  and,  though  hardly  to  be  detected,  still  existing  < 
when  the  engine  is  at  full  speed.  The  equalising  and  reliefin^ 
the  strains  by  the  new  gear  necessarily  results  in  a  more  smoodi 
equal  working,  and  less  wear  and  tear,  than  can  be  obtained  irifl 
link  arraugement. 

Further,  an  examination  of  the  valve-path  diagrams  given  V] 
new  gear,  and  a  comparison  of  them  with  others  of  similar  oonstifti 
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jmi  by  the  link,  will  disdofio  another  fact;  namely  that  the 
lofement  of  the  yalve  by  this  gear  departs  more  widely  from  a 
oitiDiioiiBly  even  speed  than  with  the  link  motion ;  the  acceleration 
I  lelitiTely  augmented  and  the  retardation  prolonged,  so  that  the 
ahre  reoeiYes  a  moYement  more  resembling  that  produced  by  cams  or 
ippets,  bat  entirely  free  from  the  jerks  or  shocks  inseparable  from 
ban  motions,  since  the  moYcment  is  here  continuons.  The  circle, 
%» 15,  Plate  59,  shows  the  crank-path  of  a  Yertical  engine  diYided 
lio  eight  intcrYals.  While  the  crank  is  passing  its  top  centre, 
bough  the  interval  marked  A  to  B,  the  motion  imparted  to  the  valve 
ictnsed  by  the  centre  F  of  the  lever  E,  Fig.  7,  swinging  down  the 
lelined  arc  in  which  it  moves,  while  the  lever  action  of  E  is  almost 
epended.  Daring  this  time  the  valve  is  being  opened  sharply  by 
e  inclination  of  the  arc,  and  the  resolt  is  a  very  rounded  carve  in 
e  valYe-path  diagram,  as  shown  by  the  fall  line  on  Fig.  12,  Plate 
L  Daring  the  next  interval  B  to  G  in  the  down  stroke,  the  centre 
of  the  lever  is  continaing  to  swing  down  the  inclined  arc ;  bat  the 
fer  E  itself  has  now  began  to  take  action  as  a  lever,  and  this  action 
ooonter  to,  and  partially  neatralises,  the  movement  of  its  centre  F. 
he  result  is  a  longer  dwell  of  the  valve,  at  the  time  when  it  is  fully 
pened,  the  effect  of  which  is  seen  in  the  diagram.  Fig.  12,  from  B  to 
'.  Daring  the  next  interval,  while  the  crank  passes  from  C  to  D, 
lie  movement  of  the  centre  F  is  almost  n/Z,  while  the  lever  action  of 
I  is  folly  developed,  and  its  motion  is  at  its  quickest.  During  this 
ime  the  valve  is  being  closed,  and  hence  comes  the  prompter  cut-off, 
M  aeen  in  Fig.  12.  In  the  next  interval  D  to  E,  when  the  valve  is 
dosed,  the  lever  action  of  E  continues,  though  its  effect  gradually 
Ssoreues,  while  its  centre  F  is  now  swinging  up  the  inclined  arc ; 
ths  both  are  acting  in  the  same  direction,  but,  as  one  diminishes 
^lile  the  other  increases,  the  result  is  to  maintain  the  speed  of 
^  valve  nearly  constant,  until  approaching  the  point  E,  when  a 
BOBsiderable  acceleration  takes  place  by  the  centre  F  swinging  more 
npidly  up  the  inclined  arc.  This  occurs  just  at  the  point  required 
Sv  the  release,  which  is  thus  effected  by  a  quick  opening  of  tho 
dtnst  port  as  it  is  uncovered  by  the  inner  edge  of  the  valve, 
iTiog  the  round  full  carve  shown  in  the  release  diagram,  Fig.  14. 


ol  steam,  still  greater  anso  as  we  opproacn  t 
cxiiansion.  From  tlio  constant  and  unaltered 
cut-off,  coupled  with  tLo  peculiar  acceleration 
to  the  tbIto,  as  described  above,  a  sntGoiently  a 
diagram  can  be  obtained  with  a  ont-off  at  one-thi 
obviating  the  neoeen^  for  the  emploTineDt  of 
expanaioii  valre  and  gear.  The  full  line  in  Fif 
this  diagram.  It  will  be  seen  that  the  conect  lei 
np  stroke]  is  maintained,  the  valve  commencini 
before  the  b^inning  of  the  stroke  of  the  ] 
oonsidentbly  increased  opening  for  the  port, 
On  the  same  Fig.  18  is  shown  dotted  a  pai 
from  a  liriV.  Here  the  lead,  which  for  the  tn 
at  I  in.,  is  now  increased  to  aboat  i  in. ;  and 
admitted  to  the  piston  about  1^  in.  before  the  be 
Beyond  the  amonnt  thus  given  as  lead  the  port 
and  almost  immediately  hegpiB  to  close  again. 

A  number  of  lees  important  but  yet  valoable 
named,  but  these  need  not  be  enlarged  upon. 

The  new  gear  is  more  accessible  than  the 
working  parts  are  bronght  down,  and  ont  to  the 
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mmg,  and  no  others:  the  difference  of  direction  being  simply 
doe  to  the  altered  positions  of  the  parts.  Hence  no  duplicate  parts 
m  euried,  sach  as  are  required  in  the  link  gear,  in  which  a 
ftmplete  set  of  eccentrics,  straps,  rods,  <&c.,  have  to  be  provided  for 
tiekwird  running.  The  whole  of  these  are  continually  in  motion, 
Mtwiihstanding  that  in  forward  running  their  motion  is  not  only 
iNlesB,  but  is  even  prejudicial  to  the  action  of  the  forward  gear.  In 
iflaniic  steamers,  for  instance,  this  useless  working  is  continued  for 
doot  ten  days  together,  solely  in  order  that  the  backward  section  of 
As  getr  may  serve  for  a  few  back  turns  on  arriving  in  port. 

Oierhauling  for  repairs  and  for  taking  up  of  wear  will  also  be 
Won  easily  executed  with  the  new  gear,  as  the  parts  are  removable 
ttore  independently  of  each  other;  and  one  great  source  of  wear, 
Umaly  the  eccentrics,  is  done  away  with. 

This  gear  ia  also  more  easy  to  reverse,  requiring  less  power  than 

tte  link-gear ;   and  the  effect  on  the  engine  can  be  carried  much 

flniher,  as  it  is  only  necessary  slightly  to  increase  the  angle  of  the 

dot  J,  Plate  58,  or  of  the  arc  in  which  the  lever-centre  F  swings, 

Vitkd  59,  in  order  to  increase  the  opening  of  the  port,  and  prolong 

the  iction  of  the  steam  on  the  piston,  so  far  that,  in  whatever  position 

in  engine  might  be  standing,  it  would  start.  Hence  in  a  marine  engine 

it  would  never  be  necessary  to  reverse  in  order  to  get  off  the  bottom 

oeoite ;  and  in  a  locomotive  there  would  be  no  need  for  backing,  such 

••  18  often  resorted  to  when  an  engine  is  unable  to  start,  owing  to  the 

Qoniiderable  lap  given  to  her  valves,  for  the  sake  of  employing  high 

^figtees  of  expansion.     In  either  case  it  would  only  be  necessary  to 

vove  the  reversing  lever  forward  beyond  the  usual  full-steam  notch 

(hr  wUeh  a  provision  is  made),  in  order  to  permit  the  steam  to 

Ubw  the  piston,  if  required,  for  even  9-lOths  of  the  stroke ;  the 

I    CBgine  would  then  have  power  to  start,  whatever  the  position  of  the 

^niiki,  or  whatever  the  weight  of  the  load. 
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DiscusstofL, 

Mr.  Jot  exhibited  working  models  of  the  valye-gear  for  looon 
and  marine  engines,  and  explained  its  action. 

Mr.  F.  G.  Marshall  said,  as  Mr.  Joy  had  been  good  enon^ 
mention  his  name  in  the  paper  in  connection  with  the  qnestic 
new  valve-gears,  he  had  ventured  to  show,  Plate  65,  his  own  vi 
gear  as  he  was  at  present  fitting  it  to  a  large  nnmber  of  nt 
engines.  The  principle  of  this  gear  was  precisely  that  adopted 
Mr.  Joy,  both  of  them  arising  ont  of  the  original  invention  of  J 
Wesley  Hack  worth.  It  was  the  principle  of  a  movable  oa 
connected  to  the  valve,  which  centre  traversed  an  arc  passing  throi 
the  centre  of  the  reversing  shaft,  and  coincided  with  that  centre  wl 
in  the  dead  position ;  thus  securing  a  miiform  lead  at  all  pointfl 
cut-ofif,  and  obtaining  an  equal  cut-off  at  both  ends  of  the  stn 
or  otherwise,  as  might  be  desired.  Six  sets  of  engines  were  now 
work  at  sea  with  this  valve-gear,  indicating  from  100  to  1800  B 
The  action  in  the  motion,  as  in  Mr.  Joy's,  was  simply  perfect^  so 
as  the  distribution  of  steam  was  concerned,  as  also  in  the  relief 
strain  on  all  the  working  parts,  and  in  the  means  of  gitiBfl 
slightly  increased  quantity  of  steam  on  the  underside  of  the  piib 
also  in  maintaining  uniformity  of  lead,  so  that  there  was  a  11111& 
pressure  at  the  top  and  bottom  of  the  stroke  when  the  engines  v 
on  the  centres. 

He  scarcely  liked  to  compare  his  own  design  with  Hr.  J<^ 
but  there  was  one  advantage  it  possessed  that  he  might  point  i 
While  they  both  attained  the  same  objects,  his  design  hid  0 
five  working  parts  for  each  engine,  instead  of  eight  in  Mr.  Jo 
It  was  seen  in  Fig.  25,  Plate  65,  that  the  eccentric  was  opposifte 
crank  under  all  conditions ;  and  when  the  crank  was  on  either  ott 
the  valve  connecting-rod  and  the  main  connecting-rod  were  pu* 
to  each  other.  The  valve-chest  was  fixed  at  the  comer  of  * 
cylinder  casting,  having  an  angular  position  in  the  plftiit  iriiiA^ 
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by  making  the  pin-joint  in  the  YalYe-rod  parallel  to  the 
.  The  eccentrio-rod,  which  with  its  strap  was  made  usually 
el,  extended  to  where  the  reYersing  shaft  L  was  fixed,  on 

keyed  the  arm  E,  Figs.  26  and  27 ;  the  extremity  of  the 
1  the  fulcmm  for  the  suspending  link  J,  the  other  end  of 
I  jointed  to  the  extremity  of  the  eccentric-rod.  For 
3r  working  expansiYcly,  the  reYersing  arm  E  was  thrown 
to  opposite  extreme  position,  indicated  by  the  dotted  lino 

or  into  any  intermediate  position ;  this  could  be  done  by 
;hat  might  be  preferred,  the  screw  gearing  into  a  toothed 
fts  i|hown  in  Fig.  25,  being  merely  a  typical  arrangement. 

of  attachment  for  the  YalYe-rod  to  the  eccentric-rod  was 
I  in  due  relation  to  the  throw  of  the  eccentric,  the  stroko 
ine,  and  the  lengths  of  the  connecting-rod  and  eccentric- 
l£r.  Joy's  design  he  belieYed  there  was  the  same  number 
AS  in  the  ordinary  link  motion.  The  only  points  of 
diat  he  saw  were  the  Yery  long  traYel  of  the  YalYc  IcYcr, 
hmi  of  the  connecting-rod,  say  ranging  from  3  ft.  to  6  ft. 
City  of  Rome ;  and  tho  sliding  motion  at  the  opposite  end 
er,  in  the  reYersing  weigh-shaft  sliders.  Perhaps  at  tho 
thirty  days'  Yoyage,  or  OYcn  an  Atlantic  Yoyage,  some 
fioulty  might  be  experienced  in  the  way  of  repairs  to  the 
'om  the  fact  of  the  pin  joints  wearing  out.  Being  attached 
meeting-rod,  the  IcYer  would  be  subject  to  heaYier  wear 
;tached  to  the  ordinary  eccentric,  and  so  haYing  a  much 
loe  to  traYel. 

lortening  of  the  engine-room,  as  claimed  by  Mr.  Joy,  was 
7  small  matter,  because  the  length  was  generally  goYemed 
ze  of  the  condenser.  His  own  motion  was  worked  with 
eooentric  instead  of  two.  The  smallest  Yessel  worked  in 
vms  a  yacht,  belonging  to  Capt  Lee  Guinness  of  Dublin. 
8Bt  power  was  that  of  the  Lady  Tyler,  1650  H.P.  Figs. 
,  Plate  66,  were  exact  copies  of  original  indicator  diagrams 
1  the  Omianli,  the  highest  power  indicated  being  1409  H.P. 
rofl^  as  shown,  the  power  was  Yaried  from  1409  down  to  only 
ihe  leYoIations  of  the  engine  coming  down  from  57  to  35 


tlic  steiiiii,  mill  ftlways  BocureJ  uuifcirmity  of 
iliffiTi'nui^  botwocu  Mr.  Joy's  iiiotion  aud  Lis  ow 
worked  from  the  connecting-rod,  wliile  bis  v 
ocoentric. 

Mr.  F.  W.  Wbbb  said  that,  when  Mr.  Joy  e 
he  waa  himself  bney  designing  a  lai^er  type  of  ( 
endearonring  as  for  as  possible  to  increase  1 
having  adopted  18-in.  cylinden  and  140  lbs. 
iTsa  difficult  to  get  soch  largo  hearing  surfaces 
to  provide  four  eccentrics  cm  the  crank-shaft ; 
came  to  him  he  was  busy  at  work  with  ano 
Hackwortb's  gear.  He  tbonght  well  enough  of  1 
ask  his  directors  to  have  an  engine  built  to  try 
this  engine  itself  had  been  sent  down  to  Barroi 
examine,  and  to  look  into  all  the  details  at  tl 
meeting.  The  indicator  diagrams,  Figs.  23  and 
the  working  of  the  valve-motion ;  and  the  mc 
details  of  the  engine  were  also  shown  in  Flai 
diagrams,  one.  Fig.  23,  was  taken  at  a  slov 
perfect  action  of  the  steam  in  the  cylinder ;  ai 
at  higher  speed,  with  an  earlier  cnt-off. 

There  waa  another  point  in  this  engine,  u 
valve-motioD.    It  was  not  of  oonne  a  new  idei 
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itiotineoiiBly ;  and  there  was  also  a  more  sudden  cut-off,  as  shown 
the  diagrams. 

The  snooess  in  getting  an  increased  bearing  surface  was  well  seen 
^  17  and  22,  Plates  62  and  63,  showing  an  engine  with  18-in. 
inders,  placed  1  fl.  10  in.  centre  to  centre.  There  was  a  9-in. 
hhoT,  and  5j^in.  width  of  crank-pin  instead  of  the  ordinary  4  in. 
had  got  plenty  of  surface  for  the  connecting-rod  and  cross-head, 
there  was  plenty  of  room  to  get  up  and  examine  or  clean  the 
ine-motion.  The  rcYcrsing  shaft  was  a  hollow  casting  of  cast 
u  The  cuTYed  s^ments  forming  the  slides  for  the  Yalve-motion, 
19,  were  turned  up  in  the  lathe  in  a  circle  of  the  proper  radius, 
then  cut  off  in  sections  of  the  required  length  ;  they  were  made 
did  steel  and  afterwards  case-hardened.  For  oiling  the  YalYO  slide- 
ks  the  oil-cups  were  carried  on  the  top  of  the  slides.  Fig.  19,  so  that 
'  ODuld  be  oiled  while  the  engine  was  running  at  fall  speed.  All 
working  and  wearing  parts  were  circular  bushes  of  hard  phosphor- 
ise ;  and  any  of  them  could  be  remoYod  by  slacking  back  the  oil- 
whioh  was  used  for  locking  in]  the  bush.  The  oil-cup  entering 
the  bush,  as  shown  in  Fig.  19,  proYonted  the  bush  from  rcYolYing ; 
by  simply  slacking  back  the  oil-cup,  the  bushes  could  be 
OYsd.  The  coupling  rods  were  bushed  on  the  same  method  of 
ing  in  the  bronze  bushes  by  the  oil-cups ;  and  the  oil-cups  were 
aselYes  locked  in  in  a  simple  way  by  a  bit  of  wire, 
rhere  was  another  thing  in  this  locomotiYe  which  Mr.  Joy's 
amotion  had  enabled  him  to  do.  There  were  only  two  cotters, 
16  for  coupling  the  piston-rods  to  the  cross-heads.  HaYing  that 
a  width  of  crank-pin  to  work  upon,  instead  of  putting  in  an 
iiiiy  cotter  in  the  large  end  of  the  connecting-rod,  Fig.  20, 
ie  62,  he  had  put  in  a  circular  taper  pin  through  the  block  B  for 
ling  in  the  brasses  t  so  that,  in  disconnecting  the  engine,  all  that 
to  be  done  was  to  take  off  the  bottom  nuts  of  this  taper  pin, 
ion  up  the  upper  nut  half  a  turn,  and  the  pin  was  free  to 
out 

rhere  was  also  another  advantage  that  was  obtained,  namely  in 
ightening  up  and  slacking  of  the  connecting-rod  brasses.  Instead 
kYing  the  edge  of  a  cotter  bearing  against  the  brass,  which  was 


nllior  dcvintioDB  wliicli  Lo  btul  mnde  in  tb 
iir<liuary  jiractico,  tbough  they  dill  not  diructly 
•  ■I'  valvu-mution.  Ouu  was,  doing  away  witli  t 
rings  in  the  fire-box,  and  naing  »  water  bottom 
Fig.  16,  Plate  61,  thns  giving  more  room 
oontraotion.  The  fire-hole  door  was  also  arraii 
and  a  aimilar  opening  was  placed  tn  the  bottoi 
rentOTiag  the  ashes  at  any  time,  a  sliding  door 
it,  worked  from  the  footplate.  A  monthpiooe  n 
for  the  admission  of  air  nnder  the  fire-bars,  as  i 
whole  breadth  of  the  fire-box ;  and  the  tnbe-pla 
or  the  fire-box  repaired,  without  having  to  tahe  ( 
remove  the  water  bottom.  The  damper  was  mi 
so  as  to  deflect  the  air  towards  the  middle  of  the 

The  footplates  in  all  the  North  Western  enf 
one  standard  width  over  bM,  as  shown  in  the  c: 
Plate  63 ;  making  it  worth  while  to  cnt  rolls  i 
and  so  eoonomise  both  labour  and  materials  in  the 
man-hole  lid  and  the  dome  cover  were  also  ma< 
plate,  stamped  np  under  the  steam-hammer  in  thi 
dies,  to  bring  it  to  the  finished  shape. 

It  was  an  important  point  for  engineers  t 
some  uniform  dimensions  oonid  not  be  adopt 
engines,  in  the  same  way  that  Sir  Joseph  Whit 
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to  be  any  eYil  arising  £rom  the  slightly  winding  position  of 
As  ennk-axle,  wheneYer  by  the  action  of  the  springs  at  the  ends  of 
ike  ixle  it  was  allowed  to  deYiate  from  its  true  horizontal  position. 
Bid  this  throw  anything  of  a  twist  upon  .the  connecting-rod  or 


Mr.  WxBB  replied  there  had  not  been  any  difficulty  from  that 
ttOBG,  owing  to  the  arrangements  made  for  allowing  ample  play ;  the 
flomeoting-rod  bushes  had  ^  in.  side  play,  and  the  brasses  were 
pA  essed  out  at  top  and  bottom,  which  was  enough  to  proYide  for  all 
lonional  moYements  due  to  the  Yertical  play  of  the  axle  ends. 

Hr.  J.  H.  KiTSOK  said  that,  haYing  been  concerned  in  the  working 

c(  a  steam  tramcar  for  some  years,  it  had  become  necessary  to  l^im 

to  g8t  rid  of  eccentrics  in  some  way ;  and  this  could  be  done  in 

I0iaal  different  ways.    His  arrangement,  shown  in  Fig.  30,  Plate  67, 

m  simply  a  modification  of  the  T^alschaert  gear ,  Fig.  38,  Plate  69  ;. 

ht  the  eccentric  used  in  that  gear  was  here  got  rid  of  altogether,  by 

denfing  motion  from  the  coupling-rod  G  through  a  link  B,  the  upper 

ttd  of  which  was  attached  to  an  arm  A  on  the  ordinary  curYed  and 

ibtied  expansion-link  E.    A  rocking  motion  was  thus  imparted  to 

fte  link  E  about  its  fixed  centre ;  and  the  rod  from  the  link  slide- 

Uook  being  attached  to  the  YalYC-lcYer  D  a  little  below  the  Yalve-rod 

fin  Q,  while  the  lower  extremity  of  the  leYcr  D  was  linked  to  the 

lirtoQ-rod  cross-head  J,  the  resultant  motion  imparted  to  the  YalYC  was 

soomlnnaticm  of  that  communicated  from  the  coupling-rod  C  through 

Ab  expansion-link  E,  with  that  receiYed  from  the  cross-head.     In 

Ab  earlier  half  of  each  stroke  these  two  moYcments  were  acting  in 

ttQJiDietion,  and  in  the  latter  half  in  opposition,  besides  Yarying  in 

^  lelatiYe    efficiencies  throughout  the  stroke :    the  slide-YalYe 

^b^  receiYed  a  rapid  traYel  at  each  end  of  the  piston  stroke, 

^  a  long  dwell  during  the  middle  of  the   stroke.      By  this 

'ii'iQgement,  on  the  principle  of  taking  from  the  coupling-rod  a 

''i^  at  right  angles  to  that  from  the  cross-head,  the  same  result 

^^''^^y  was  obtained  as  in  Mr.  Joy's  or  Mr.  Marshall's  gear,  namely 

*  porfect  distribntion  of  steam  with  a  perfect  lead ;  and  the  Yery 


t"  lie  pre[iaroil  fur  cvorytliing, 

Mr.  Jahes  Humfhbyb  said  that,  from  his 
with  Mr.  Joy,  he  hod  had  his  TalTe-gear  befoit 
and  had  enquired  very  carefolly  into  all  its 
the  jffobabili^  or  otharwise  of  ita  oomplete  s 
hesitatiiai  in  stating  his  opinion  that  it  tres  bs 
obtaining  the  out-off  in  steam  engines,  as  oon] 
There  could  be  no  doubt,  he  thought,  that  fc 
would  be  difficult  to  obtuD  a  more  perfect  am; 
Ur.  J07.  Of  conree  Mb  own  particular  business 
engine ;  and  the  advantage  of  Mr.  Joy's  system  i 
paramount  importance  in  the  case  of  the  marine 
types  of  engine,  particularly  the  locomotire,  wh 
high  preesore  was  used  in  a  single  cylinder,  ai 
very  oven  cnt>.off  in  the  forward  and  baekmtrd  st 
importance.  Hr.  Joy's  system  might  also  be  vez 
to  Tolling-mill  engines,  cotton-mill  engines,  &i 
that  type,  where  groat  uniformity  of  power  in  tl 


Id  the  case  of  the  marine  engine,  it  was 
oomparative  coat  of  the  old  link-motion  and  of  U 
bad  had  the  details  very  carefully  considered  £; 
baTine  to  apply  the  system,  as  be  hoped  they  wo' 
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Tilro-gear  to  the  connecting-rod  than  there  was  in  attaching  the 
enmeeting-rod  itself  to  the  crank-pin.  After  having  got  all  the 
iHnlB  as  satisfactory  as  those  of  the  best  link-motion,  they  compared 
Ae  two,  and  found  that  the  cost  was  decidedly  less  in  the  case  of 
Kr.  Joy's  gear,  and  that  there  were  also  a  number  of  advantages 
viiich  would  accrue  from  its  use,  such  as  the  better  disposition  of 
Ik  valves.  There  could  be  no  doubt  that  where  the  valves  could  be 
ctdily  worked  from  the  front  of  the  engine,  it  was  more  advantageous 
B  t  steamship  than  if  they  were  placed  between  the  pair  of  engines, 
eeause  of  course  in  the  latter  case  they  were  somewhat  loss 
Messible. 

■  Having  thus  made  a  careful  analysis  of  the  two  gears,  they  were 

dte  disposed  to  make  an  experiment  on  a  marine-engine ;  but  of 

)iine  the  builders,  were  not  the  only  people  to  bo  consulted  in 

tatters  of  that  kind ;  and  shipowners  naturally,  and  he  supposed 

i^tly,  had  great  hesitation  in  adopting  any  innovations,  because 

1 10  many  instances  any    deviation  from  the  old  plan  had  been 

illowed  by  little  difficulties,  which  had  not  been   foreseen.     The 

bipowners  naturally  had  to  exercise  the  greatest  possible  amount 

I  ctntioD,  lest  some  little  hitch  should  ariso  in  the  middle  of  the 

ceu,  a  thousand  miles  away  from  everywhere;    and  they  much 

infored  therefore  leaving  experiments   to    some    one    else  than 

Awnaelves.     That  was  the  reason  why  Mr.  Joy's  gear  had  not  yet 

been  applied  to  any  of  the  engines  built  at  the  Barrow  Shipbuilding 

VoikB;butso  far  as  he  was  personally  concerned  he  should  have 

10  bentation  in  applying  it  with  the  most   confident  expectation 

oif  saccess.     With  regard  to  the  question  of  the  wearing,  he  thought 

if  the  bearing  surfaces  were  well  considered,  there  was  no  reason 

to  ipprehend  any  difficulty  on  that  point.     To  his  mind  Mr.  Joy's 

8^  would  fulfil  its  functions  with  a  less  amount  of  friction  than  any 

^'^btt  gear  he  had  ever  seen. 

^.  William  Boyd  said  Mr.  Joy  had  been  singularly  fortunate 
^  baying  the  powerful  advocacy  of  Mr.  Webb,  and  in  having  a 
P^'^^^wad  illustration  of  his  gear  so  prominently  brought  before  the 
^^h^  of  the  Institution.      He  was  sure  that  all  of  them  who  had 

2   L 
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seen  the  locomotiye  with  this  gear  on  the  preyions  day  must  biTe 
been  very  much  gratified  with  the  way  in  which  the  gear  was  worked, 
and  with  the  exact  movements  of  the  varions  parts.     It  was  howeyer 
especially  in  reference  to  marine  engines  that  he  desired  to  say 
a  few  words.     In  the  first  place  he  had  to  differ  from  his  friend 
Mr.  Humphrys,  since  he  considered  the  equal  distribation  of  the 
steam  in  the  cylinder  during  the  np-stroke  and  the  down-stroke  was 
as  important  in  the  marine  engine  as  it  was  in  the  locomotive  or  in 
any  other  sort  of  "engine.     Now  Mr.  Joy's  gear  appeared  to  him  to 
be  theoretically  perfect ;  and  it  was  only  in  regard  to  its  practica)^ 
application  that  any  remarks  could  properly  be  made. 

There  were  one  or  two  considerations  entering  into  the  adoptiof^ 
of  gear  of  that  sort  in  marine  engines,  which  were  perhaps  different 
from  those  that  related  to  its  adaptation  to  a  locomotive.    Mr.  Weblr 
had  described  the  facilities  with  which  he  could  take  up  the  parts 
of  the  gear,  so  as  to  adjust  the  wear  and  tear.      In  the  case  of  a 
marine  engine  however,  it  might  be  at  sea  twenty,  thirty,  or  forty 
dayfi,  and  then  any  adjustment  was  a  much  more  difficult  task ;  and 
any  multiplication  of  the  various  parts  requiring  adjustment  ought 
not,  he  thought,  to  be  lightly  entered  into.    Mr.  Joy  took  his  first 
motion  for  the  gear  from  the  conuccting-rod.     Now  that  connecting- 
rod  was  suspended  between  two  points,  being  attached  to  the  lower 
end  of  the  piston-rod  and  to  the  crank-pin ;  and  on  both  those  points 
during  a  long  voyage  there  was  very  serious  wear.     One  of  the 
problems  before  marine  engineers  was  to  provide  a  metal  whieh 
should  reduce  that  wear  to  a  minimum.     Phosphor-bronxe,  white 
metal,  and  all  sorts  of  things  were  in  use.     It  appeared  to  him 
therefore,  with  all  deference  to  Mr.  Joy,  that  he  had  made  a  mistake 
in  taking  the  first  motion  from  a  part  which  was  liable  to  so  much 
wear,  and  required  such  constant  adjustment. 

With  regard  to  the  two  parts  of  the  motion,  namely  the  leven  or 
links  B  and  C,  Fig.  4,  Plate  58,  it  was  remarkable  to  notice  the 
unsteady  motion  on  the  model  now  exhibited ;  and  even  at  flie 
mixlcrate  speed  of  marine  engines — ^  or  70  revolutions  per  minute 
— the  unsteady  or  ^  wobbling  "  motion  of  those  levers  B  and  O  most  be 
serious.    He  thought  it  worthy  of  consideration  wbether,  oonndering 
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Tmre  occasions  when  the  backward  gear  was  used,  it  might  not  be 
riflable  to  ayoid  those  two  levers,  and  to  couple  the  lever  E 
teetlj  to  the  connecting-rod,  as  suggested  by  Mr.  Joy  in  his  paper. 
There  was  another  point  to  which  he  ventured  to  take  considerable 
iDeption.  The  sliding  motion  of  the  block  in  the  slot  J  would,  he 
hoaght,  be  liable  to  give  trouble  on  long  voyages,  and  it  would  be 
npeflsible  to  adjust  it.  It  was  of  course  known  that  the  designer  of 
I  link-motion  always  arranged  his  rods  and  gear  in  such  a  way  that 
fte  points  of  the  eccentric-rods  came  in  a  direct  line  if  possible  with 
file  valve-rod  itself,  so  that  the  sliding  motion  of  the  block  within 
the  link  when  working  was  reduced  to  a  minimum.  It  was  the  motion 
(if  the  block  in  the  link  that  was  most  difficult  to  manage,  so  as  to 
tdoB  np  the  wear  consequent  upon  it ;  and  good  gear  was  usually 
Ugned  so  as  to  reduce  that  sliding  motion  to  a  minimum.  In 
fte  present  case  he  thought  it  was  carried  to  a  maximum. 

In  reference  to  Mr.  Marshall's  gear,  he  had  had  the  pleasure 
tf  neiog  it  at  work,  and  knew  that  it  was  adopted  in  several  boats 
vUch  Mr.  Marshall  had  constructed,  amongst  others  some  steam 
torret-vessels  running  16  knots  an  hour.  The  objection  to  the  wear 
01  the  eccentric  in  the  strap  he  thought  was  exaggerated.  The 
Moentric  had  done  good  service  in  the  past,  and  ho  thought  they 
vere  perhaps  a  little  in  a  hurry  to  condemn  it  as  untrustworthy  and 
objectionable.  For  his  own  part  he  preferred  the  regular,  continuous, 
dtenlar  motion  of  the  eccentric  in  the  strap  to  the  fore  and  aft 
•otion  of  the  point  D,  Fig.  4,  by  which  in  Mr.  Joy*s  gear  motion 
VII  derived  from  the  connecting-rod  of  the  engine. 

Mr.  John  Bobinson  agreed  very  much  in  the  observations  just 

Hade  by  Mr.  Boyd.      It  seemed  to  him  there  was  a  difficulty  in  the 

notion  shown  in  Fig.  4,  Plate  58,  from  the  immense  amount  of  wear 

tUch  was  sure  to  come  on  the  block  sliding  in  the  slot  J.      He 

ioew  bow  difficult  it  was  in  the  ordinary  valve-motion  of  a  locomotive 

to  prevent  that  wear  and  tear ;   and,  so  far  as   he  understood  it, 

he  thought  this  prevention  would  be  more  difficult  in  the  case  shown 

D  Fig.  4  than  in  the  best  examples  of  the  link-motion.     The  other 

arts  were  very  simple,  and  commended  themselves  very  much  to 

2  L  2 
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manufactnrere  of  locomotive  engines,  because  they  conld  be  produced, 
as  Mr.  Webb  had  shown,  without  smiths'  hammers  or  fitters' tooU: 
everything  could  be  done  by  machine-work.  On  the  other  hand,  lie 
dii  not  like  increasing  the  number  of  pins  around  which  there  was 
simply  an  oscillating  motion.  Such  a  motion  always  gave  trouble. 
It  was  not  a  matter  of  difficulty  perhaps  for  locomotive  engineers, 
because  it  was  easy  to  take  up  the  wear ;  but  in  the  case  of  long 
transatlantic  or  trans-tropical  voyages,  difficulties  might  arise. 
Theoretically  he  thought  Mr.  Joy  had  succeeded  most  admirably; 
and  he  had  no  doubt  that,  with  such  an  excellent  precursor  as 
Mr.  Webb,  locomotive  engineers  would  find  out  how  to  get  over  any 
practical  difficulties  which  might  arise  from  the  adoption  of  ibis 
motion. 

Mr.  Arthur  Paget  observed  that  Mr.  Boyd  and  Mr.  Robinson 
had  taken  exception  to  the  large  amount  of  travel  of  the  block  in  ibe 
slot.     He  should  like  to  ask  them  whether  it  had  occurred  to  them  to 
compare  the  amount  of  travel  of  the  eccentric  in  its  strap  with  wi® 
travel  of  the  block  in  the  slot.  « 

Mr.  BoTD  said  he  had  explained  that  the  motion  of  the  eoceo^^ 
in  its  strap  was  a  perfectly  different  motion  from  the  sliding  mo^^^ 
of  the  block  in  the  link.     One  was  a  continuous  circular  motion :    "^ 
other  a  reciprocating  sliding  motion ;  and  his  own  view  was  tha^   ^ 
should  prefer  the  eccentric. 

Mr.  Wkbb  asked  leave  to  point  out  that  Mr.  Boyd  had  mentio^^ 
as  the  great  difficulty  in  the  case  of  an  Atlantic  voyage,  the  taking  ^ 
of  the  wear  in  the  connecting-rod  end ;  and  that  motion  was  a  curc^^ 
motion  round  the  crank-pin.  Now  in  an  ordinary  looomotive  ^^ 
of  the  four  eccentrics  travelled  in  its  strap  about  4  feet  3 
revolution,  giving  about  16  feet  in  all  for  each  revolution  of  '^ 
engine.  He  thought  that  any  one  riding  on  a  looomo'^ 
with  G  ft.  6  in.  wheels,  and  going  60  miles  an  hour,  would  woU^ 
how  it  was  that  the  link-motion  lasted  a  mile.  Neverlhal^ 
4!iiginocr8  would  all  bo  satisfied  with  the  link-motion,  if  they  ooi^ 
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get  with   it    i^bat  they  wanted  to  get  in  the   locomotive,   namely 

larger  bearing  surfaces,  so  as  to  keep  the  engines  out  of  the  repairing 

diop.     In  some  of  the  London  and  North  Western  engines,  he  had 

beea  able  to  get  these  larger  bearing  sorfaitcs ;  and  one  engine  last 

jear  bad  ran  57,000  miles  in  52  weeks — a  very  different  result  from 

wbat   tbey   bad    been  in  the  habit  of  getting  before.     Ho  certainly 

■hoidd  not  be  contented  with  that  engine  if  it  would  not  keep  out  of 

ibe  flbop  for  two  years ;  and  such  a  result  in  regard  to  mileage  he 

jdumgbt  would  compare  with  the  longest  marine  voyage  that  could  bo 

Bade.     Tbe  vertical  motion  in  the  slides  in  Mr.  Joy's  gear  was  8  in. 

eich  way,  or  16  in.  for  each  revolution  of  the  engine,  and  there  was 

one  of  tbese    blocks  for  each  side ;  so  that  the  total  reciprocating 

motion  in  tbese  two  slides  was  only  2  ft.  8  in.  for  each  revolution  of 

the  engine,  very  considerably  less  than  with  the  eccentrics. 

Witb  regard  to  the  number  of  pins,  anybody  could  count  the 
junnber  of  tbose  that  had  any  work  to  do,  which  he  thought  would 
oompare  faTonrably  with  any  link  motion,  especially  if  a  weigh-bar 
liad  to  bo  introduced  in  the  latter,  on  account  of  the  largo  cylinders. 


Ujr.  Jkbkmiah  Head  said  at  first  sight  Mr.  Joy's  design  recalled 
to  bis  mind  the  old  box-link,  which  was  used  about  thirjiy  years  ago 
the  Great  Western  locomotives,  and  the  action  of  which  was 
in  Clark's  "  Bailway  Machinery."  In  that  case  (Figs.  36 
3T,  Plate  68),  the  curve  of  the  link  A  was  drawn  to  the  radius 
of  tbe  valTe-rod  link ;  and  in  the  same  way  as  in  Mr.  Joy's  gear, 
fjK^  block  ooiild  bo  moved  up  and  down  in  the  link,  when  in  mid-gear, 
^^nibont  altering  the  lead  of  the  valve.  The  distribution  in  fact 
a,lx>at  as  perfect  as  Mr.  Joy's.  For  some  reason  or  other 
principally,  he  believed,  because  of  the  somewhat  complicated 
ion  of  those  links — they  were  abandoned  in  favour  of  the 
open  links,  the  curve  of  which  was  drawn  from  the  centre 
cf  ibe  ttxle,  thus  presenting  their  curvature  in  the  opposite  direction 
to  tbe  old  box-link. 

rrbere  seemed  however  to  be  an  essential  difference  between  the 
exhibited  and  the  box-link  gear.     In  the  latter  case  it  was  the 
poshing  the  link  backwards  and  forwards  that  did  the  real 
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DO  doubt  load  to  wear.  Witli  tlio  old  box-l: 
inclined  at  the  Bame  imfaToorable  angles  at  cert 
eccentricH  were  pnehing  the  whole  of  it  be 
forwards,  the  oblique  thrust  of  the  block  in  t 
felt  in  the  working  of  tho  link ;  bat  if  the  drive 
engine  while  the  link  was  in  that  inclined  poei 
hard  work  indeed  to  do  so. 

It  had  been  stated  in  the  diecnssion  that  the 
might  give  trouble  in  a  marine  engine  in  the  go 
parti;  on  acconnt  of  the  wear ;  but  in  fairness  1 
be  noticed  that  those  were  parte  ver;  easily 
He  saw  nothing  whatever  to  prevent  such  a  s 
those  slotted  discs  and  the  block  in  it  being  i 
every  voyage.  If  there  was  any  undue  wear,  t] 
easily  replaced  ;  but  of  course  the  engine  won! 
for  doing  so. 

A  good  deal  bad  been  said  in  the  discuu 
Some  engineers  thought  tbem  disadvantageous 
considered  them  quite  harmless.  He  was  i: 
mechanic  would  put  in  on  eccoutrio,  in  order 
&om  circular  motion,  if  he  conld  do  without 
comparatively  harmless  where  they  were  small : 


ZOnwT  I880.  BEYEB8IN0   AND   EXPAN8IYB   VALYE-OEAR.  443 

)S>^lierea8  the  front  half^  which  was  the  only  part  that  did  the  work, 

^iiB  eonsiderahly  worn ;  and  in  some  cases  the  eccentric  had  to  ho 

ttken  out  and  le-tnmed,  in  order  to  restore  the  full  throw.     Then 

i^un,  when  an  eccentric  after  wear  got  somewhat  slack,   it  was 

•Iwiys  open  at  the  back  part,  thongh  touching  at  the  front.     That 

flSsied  a  large  space  for  dust,  grit  &c.  to  get  in ;  and  this  was 

immediately  carried  round,  and  helped  to  wear  the  front  part  still 

ttore.    Therefore  he  thought  that  eccentrics  were  things  to  be  used 

Qolj  88  a  last  resource.     That  was  perhaps  the  chief  disadvantage 

of Kr. Marshall's  motion  compared  with  Mr.  Joys;  the  former  still 

Ntiined  one  eccentric  for  each  engine. 

In  marine  engines  it  frequently  happened  that  three  eccentrics 

vere  used  to  each  engine,  two  being  used  for  one  end  of  the  link  and 

me  for  the  other,  making  six  altogether,  all  encumbering  the  shaft, 

lod  making  the  bearings  almost  inaccessible.     It  had  been  pointed 

Mt  by  Mr.  Boyd  that  the  two  ends  of  the  connecting-rod  often 

I:   nqmred  adjustment  to  some  extent,  between  the  beginning  and  the 

[   nd  of  a  voyage,  and  might  therefore  be  very  variable  points.     It  had 

i   lot  been  noticed  that  the  motion-bars  on   the  forward  side  were 

I   ipftto  wear,  which  would  tend  to  aggravate  any  error  in  the  same 

fineiidn;  but  he  did  not  quite  see  why  the  link  E,  Fig.  4,  Plate  58, 

Aoald  not  be  made  adjustable  in  length.    If  it  was  a  round  rod 

Ulied  out  in  the  middle,  with  a  left-and -right  screw,  its  length 

;    Bj^t  easily  be  adjusted  to  compensate  for  wear  in  the  connecting- 

I    nd  ends.    He  enquired  whether  he  was  correct  in  thinking  that, 

1    v^  the  sliding-block  was  in  mid-gear,  supposing  the  engine  was 

'oming  and  had  a  little  way  upon  her,  there  was  enough  admission 

^  keep  her  running,  whichever  way  she  was   going :   so  that  the 

^^meer  would  not  be  able  to  stop,  by  the  reversing  handle  alone, 

^  tke  load  were  light,  unless  he  pushed  the  slot-disc  over  to  put 

■M  steam  on  the  other  side  of  the  piston. 

Kfigineers  had  all  been  accustomed  to  look  upon  the  link-motion 
^  a  sort  of  veneration,  as  one  of  the  great  improvements  in  the 
**omotive,  which  had  rendered  the  name  of  Mr.  Howe  famous,  and 
whieh  was  supposed  to  be  a  complete  solution  of  the  question  of 
'^^▼^■^earB.     They  had  hardly  ever  thought  of  disturbing  that  idea, 


( 
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or  that  it  would  bo  disturbed,  as  it  was  considered  to  be  one  of 
points  that  were  settled  for  ever.  Mr.  Joy  however  had  shov 
it  might  bo  improved  upon;  and  with  regard  to  tramway  ei 
Mr.  Eitson  had  pointed  out  that,  with  the  dust  and  dirt  they 
encounter,  eccentrics  and  eccentric  straps  were  absolutely  inadmi 
Mr.  Joy  therefore  deserved  great  credit  for  having  brought  fc 
his  now  valve-gear;  and  his  paper  was  ono  most  snitab] 
the  Institution. 

Dr.  C.  W.  Siemens  said  that,  listening  to  the  very  excellent 
which  had  been  brought  before  them,  and  to  the  observations  < 
s^K^akers  who  had  taken  part  in  the  discussion,  one  result  seen 
his  mind  to  bo  quite  certain,  namely  that  the  link-motioi 
doomed.  Uo  must  say  ho  did  not  feel  the  samo  regret  on  that 
which  appeared  to  animate  Mr.  Ilcad.  The  link-motion  hi 
doubt  buen  a  way  out  of  a  difficulty ;  but  it  was  correct  only  i 
very  narrow  limits ;  and  the  moment  those  limits  were  exceei 
did  not  produce  the  expansive  action  desired.  A  motion  had 
been  brought  before  them  which  challenged  comparison  with  the 
expansive  gear  that  could  be  mentioned.  There  was  a  clean  cu 
the  steam  was  put  on  at  once  in  ample  quantity,  and  the  exhausl 
was  oj>ened  promptly  at  the  right  time.  There  w*as  also  the  n 
of  adjusting  the  action  so  as  to  make  the  up-stroke  and  the  d 
stroke  perfectly  alike,  which,  as  they  all  knew,  was  not  the  case 
the  link-motion.  And,  as  Mr.  Webb  had  beautifully  illustrate! 
his  locomotive,  the  now  gear  had  the  advantage  of  giving  a  1 
useful  space  on  the  main  shaft  for  increasing  the  length  of 
bearings.  These  wore  very  important  advantages,  which  Mr. 
might  claim  for  his  motion.  But  they  had  also  been  put  in  possea 
of  two  other  motions,  which  seemed  to  be  as  perfect  as  Mr.  J( 
Still  they  need  not  regret  that  residt.  There  wore  x)oiut8  of  diffieK 
between  the  gears,  though  they  all  aimed  at  the  same  result,  a  i 
perfect  cut-off  and  a  .perfect  mode  of  reversing  the  engine.  ' 
object  was  achieved  by  different  mechanical  details,  all  of  whid 
considered  were  superior,  both  theoretically  and  practically,  to  the 
link-motion. 
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B  criticism  offered  by  Mr.  Boyd,  in  regard  to  a  portion  of 
QotioDy  he  thoroughly  agreed.  The  slotted  disc,  which 
into  a  different  angular  position,  with  the  slide-block 
)  and  down  in  the  slot,  was  not  he  thought  a  desirable 
he  would  recommend  Mr.  Joy  to  do  away  with  it.  He 
had  actually  been  done  away  with  in  the  arrangement 
ate  59.  All  the  friction  was  there  reduced  to  the  friction 
which  must  be  preferable  to  friction  of  sliding  surfaces, 
coeption  Mr.  Joy's  motion  appeared  to  him  perfect,  and 
3uld  no  doubt  receive  the  most  earnest  attention  of 
mgineers. 

Bbykolds  had  not  inteuded  to   say  anything  on  the 

>r  one  expression  used  by  the  author,  that  the  present 

dped  to  show  the  advantage  of  the  patent  laws.     That 

sel  there  was  some  danger  of  being  excluded  by  patent 

the  use  of  inventions,  on  accoimt  on  what  appeared  to 

ere  modifications  of  detail.     He  wished  success  to  both 

d  Mr.  Marshall;  but  when  such  small  details  as   the 

of  Brown's  sling  for  the  slide   of  Hackworth's  gear 

subject  of  a  separate  patent,   this  danger  seemed  to 

.     Fig.  35,  Plate  68,  showed  an  arrangement  which  ho  had 

ack  proposed  to  use  for  a  very  large  steamer,  and  which  he 

;ht  be  considered  as  the  normal  idea  of  this  class   of 

e  inaccuracy  due  to  the  arc  made  by  the  ends  of  the 

eliminated  by  what  would  be  a  parallel  motion  of  the 

d,  if  it  were  not  for  the  side  motion  of  the  connecting-rod ; 

berefore  correctly  reproduced. 

motion,  to  which  some  allusion  should  be  made,  was 

Fig.  40,  Plate  69.     Since  this  was  first  introduced,  it 

ubject  of  interest  with  all  engaged  in  locomotives ;  but 

rfect,  being  rather  adapted  for  each  motion  to  work  the 

3  than  to  work  its  own.     When  Hackworth's  gear  was 

all  difficulty  vanished,  because  by  adding  the  slide-block 

at  right  angles  to  the  connecting-rod  became  properly 

,  and  the  whole  thing  was  very  easy.     Then  the  question 
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whether  Mr.  Charles  Brown's  sling  or  the  ordinary  slide  wac 
was  not  of  much  importance  in  regard  to  the  principle. 

Mr.  F.  C.  Marshall  asked  to  be  allowed  to  say  one  word  in  ref< 
to  the  sliding  motion.  There  was  only  one  thing  that  intei 
with  the  success  of  the  Hack  worth  motion,  Fig.  31,  Plate  6 
which  his  own  motion  and  Mr.  Joy's  were  modifications :  whai 
hindered  its  general  success  had  been  the  sliding  motion,  i 
Mr.  Joy  had  now  introduced  into  his  gear.  With  regard  k 
eccentric  in  his  own  design,  ho  certainly  conld  not  feel  anj  ( 
horror  at  it,  and  he  believed  that,  as  long  as  engineers  osed  on 
shafts,  they  would  not  be  able  altogether  to  dispense  with  ecoenti 
As  to  the  adjustment  of  the  connecting-rod  ends,  those  who  hftd  1 
at  sea  ten  or  twenty  days  would  know  that  connecting-rods,  < 
when  made  of  the  best  metal,  got  very  serious  knocks,  and 
these  were  communicated  to  everything  connected  with  thdm, 
necessarily  to  the  valve-rods  which  Mr.  Joy  had  introduced,  i 
the  wear  on  the  connecting-rod  pin,  the  pin  as  introduced  into 
^ojB  gear  was  somewhat  similar  to  that  used  in  Mr.  Charles  Bro 
tramway  engine,  upon  which  a  paper  had  been  read  befbro 
Institution  in  January  1880.  That  engine  was  now  mniii]^ 
Newcastle,  and  the  only  difficulty  they  had  with  it  was  with  the 
on  the  connecting-rod. 

The  PuKsiDENT  said  the  subject  of  slide-motions  had  bet 
favourite  one  with  him  since  he  was  an  apprentice.  In  olden  i 
he  had  seen  engines  with  tappet  motions,  but  they  were 
satisfactory.  With  the  eccentric  however  CYerything  was  the 
to  be  quite  right.  Capt.  Ericsson  had  tried  several  forms  of  md 
when  connected  with  the  late  Mr.  John  Braithwaite  in  bnsineM : 
favourite  form  was  a  slot  fixed  on  the  end  of  a  rocking  weigilH 
so  as  to  form  a  T  with  it ;  the  shaft  was  worked  by  an  eccentric 
the  end  of  a  connecting-rod  from  the  slide-rod  was  moTaUe  h 
slot,  so  that  the  motion  of  the  slide  was  reversed  by  movinj 
connecting-rod  end  from  one  side  of  the  axis  to  the  other. 
plan  of  course  could  not  be  arranged  to  give  lead  both  wajs,  ti 
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the  engine  could  well  be  reyersed  whilst  in  motion,  witHont  any 

danger  of  the  end  of  an  eccentric-rod  missing  its  pin  or  getting 

adrift.     He  (the  President)  then  schemed  the  plan  of  using  a  short 

eooentrio-rod,  and  moving  it  from  a  pin  fixed  to  a  lever  on  one  side 

of  the  weigh-shaft  to  a  pin  fixed  to  a  lever  on  the  other  side  of  the 

TOgh-shaft,  thus  reversing,  and  obtaining  a  certain  fixed  lead  each 

vay,  owing  to  the  different  angle  at  which  the  motion  was  taken  off 

fte  eccentric. 

The  problem  seemed  to  be  that  of  taking  advantage  in  some  way 
of  file  up  and  down  motion  of  the  piston-rod  for  lead,  and  also  of  the 
ttde  motion  of  the  connecting-rod,  or  of  the  eccentric,  so  as  to  give 
^  proper  action  for  the  travel  of  the  slide.    He  had  tried  that 
Unuelf  many  years  ago,  but  had  failed.      He  would  not  have  a 
lUmg  block  in  a  slot;    and  he  fancied  that  had  been  the  reason 
vliy  he  had  fJEuled  to  combine  the  two  motions.     It  had  since  been 
^  much    better    by  Mr.   Joy,    Mr.   C.   Brown,  Mr.   Marshall, 
Mr.Kit8ony  and  Mr.  Walschaert.     Hackworth's  gear.  Figs.  31  to  34, 
Hite  68,  was  no  doubt  the  origin  of  all  these.   With  Hawthorn's  gear, 
Kg.  40,  Plate  69,  the  vibration  of  the  locomotive  springs  caused 
great  shocks,  and  the  gear  had  knocked  itself  to  pieces.     This  was  in 
noieqiience  of  the  connection  between  the  valve-lever  and  the  pin  in 
tile  main  connecting-rod  being  made  by  a  large  and  heavy  frame, 
^th  ft  long  slot  in  it  the  full  length  of  the  stroke,  instead  of  by  a 
^t  connecting-rod.     In  the  way  in  which  Mr.  Joy  had  arranged  it, 
^  would  be  observed  there  were  two  plans.     One  was'  that  of  a  slide 
vhieh  was  constantly  in  motion  within  a  slot,  in  contradistinction  to 
tte  sQudl  motion  of  the  slide-block  in  the  link-motion.     These  were 
1BIJ  different  things :   one  was  a  constant  wear,  and  the  other  a 
*ttJl  ]i)cal  wear  at  either  end  of  the  link.    This  was  avoided  in  some 
BUttine  engines,  where  the  link  was  thrown  right  over  and  rested 
^0UDtt  the  block,  so  that  the   block   did  not  move  in  it  except 
vlien  reversing.     In  the  locomotive  there   was  a  little  motion  of 
fte  glide-block  in  the  link,  which  caused  the  end  of  the  link  to 
veftr  very  much,  and  it  was  not  long  before  the  size  of  the  whole 
jink  had  to  be  increased.     The  other  plan  of  Mr.   Joy's  seemed 
entirely  to  cure  that  evil ;  it  was  shown  in  the  model  exhibited.   The 
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gmre  the  indiiied  mo 
no  slot,  and  the  a 
ura?  till  i:rmr^  -wixh  the  link.      Then  1 
.ziz  ihi-  !L-gf!:.r^ir?£  ii.  KIT  ASiichment  to  the  coimecl 
7^  n  k  ZLATzir:  -=Tr^e    ie  k  Pirr^  v^fcLIe  ^paee  was  thereby  all 
ti:L  "iie  r:i:r:iK--r  r.iij;  i*;*  il-ertf'jre  so  safely  get  ai 
rz^iLi^j  hz   zitz   21AJZ.   cz^ecv.ng-Tod   end,   which 


il^^^?  sir  X  i-s  "I  r-'  kTT'r'Zi^as.  Hr  ilonght  that  was  objectioiii 
iz-I  ^  JLr  JLiSiiAZr*  ff3f  n  scti^sd  T^eallj  to  be  avoided.  ' 
*;in-  T-r-si-r  T'^  i^.  sesi  3.  V;.  *riArlt:>  Brown's  tramway  eng 
J"^  l'.'  r-Ai  :  ■  >.  "iidJ  iinj  *«=tcjed  to  hare  fire  different  nioti< 
A^  =  'izJkri    n  lie  iclz^a"  H&ifwirir.  motion,  and  all  of  which  i 

.'^1=    .t  ZLzi  r^tassas  aiTiz^ikres  &:-m  a  practical  point  of  Tii 

Ti-:.!  ^    ""::•':    -.zriK'iifVii  »:    tr-aii:.  was  that  he  conld  get  smj 

r-.«  d  i:r  '>xr:i^   .-l  is   zrkzl.  sLkft:  ftsd  that  was  a  good  tliii 

Zz  kz-  .cjc   .i  ziiz  -rjlTr-^frci::;*  -^v^li  give  that  one  adyantage, 

vk?    T  r--i   ij.—_i^.    if^L  if  ilr  ZjC'tfiii  was  only  as  good  ai  tl 

>  .-r  -r.  r    "-->-—.  ~  r-      :c:  l-r  tli-giii  it  was  bet^.•r.     The  motia 

-f  ii':  tLt^  T-fcj  'ztzZZ-T  fz.  H^  t^z:-^f  and  in  the  exhaust,  althoflgl 

s-cit:  Ti.rz . :.  ;c'  li-f  ai"riiZ.^t  in  r^TiEg  s  small  amount  of  comprewM 

▼•is  -  ■:  1--:  -i.   ilxi  zi':.rl:iL,  :-i  was  due  to  the  earlv  exhaust;  ui 

iLi    77-..  £  Til-Tf   il>:    £-iTr  a  larje  amount  of  admission  of  steiin 

▼?.•£-    il-f  T-ilrf  £^^^3   iirrM.  to  open.     Mr.  Webb's  indicator  diagna 

vI:dLrl-  sil.T-ic  ilia.      pT  ila:  mtans  the  cylinder  was  got  cktf 

cf    sCciz:-    ici    il=:rrr    w^as    a    rery   g«'>od   back    or    exhaust  lin^ 

an:!  a   aCLill  in:.-:  ^:f  c»:-=:pression.     That  was  done  by  cuttiig 

oct   tie  iz.>:Ii    >:  tie  slide.      It   was  not  nniyersally  known  W 

by    v-ti'nj    c-t    tie    ir^siie    of   the    slide    the    oompreasion  ^ 

mitcriallr  r^vi^ic^.  the  bi:>ttom  line  of  the  indicator  diagram  «» 

imrroTtv:.  and  criv  a  tr:£e  was  lost  at  the  end  of  the  stroke  from  At 

earlier  oxiaust.     So  again  in  Mr.  Marshall's  diagrams,  which  fV* 

oxot  llont,  a  little  of  the  r-ressure  at  the  end  of  the  stroke  waa  M 

by  the  oarlier  exl^aust ;  but  what  was  there  lost  was  far  more  te 

made  up  in  the  improvement  of  the  bottom  line  in  the  indidtoi 

diagram,  and  there  was  a  yezy  small  compression. 
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OTy  in  reply,  said  ho  feared  tHe  paper  had  already  occupied 
n  its  fair  share  of  the  time  of  the  meeting,  and  he  would 

endeaYonr  to  he  as  concise  in  his  answers  as  possible ;  but 
lestion  were  thus  left  unanswered,  it  was  not  because  he  had 
ST  for  it,  as  he  was  fully  prepared  for  every  criticism  which 
a  brought  forward.  He  was  partially  prepared,  but  only 
fj  for  the  observations  made  by  Mr.  Marshall,  who  had  kindly 
im  a  copy  of  his  indicator  diagrams,  but  not  in  time  for  a 
f  them ;  they  were  certainly  very  perfect.  Mr.  Marshall's 
werer  went  only  half  way  towards  improving  the  link  gear, 
ting  the  engine  into  as  short  and  smart  a  form  as  it  ought  to 
In  that  gear  the  valves  were  put  in  at  an  angle ;  and  that 
element  which  he  himself  maintained  was  wrong,  and  would 
le  engine  costly.  He  had  seen  the  engines  of  this  type,  built 
thardson  at  Hartlepool,  and  understood  that  they  were 
some  to  build  from  that  cause.  Only  one  of  the  eccentrics 
noved,  and  the  other  was  left,  stUl  cumbering  the  crank-shaft. 
Tangement  also  was  not  well  suited  for  any  other  class  of 
than  that  for  which  it  was  shown ;  and  for  locomotives  aiid 
188  of  engines  it  was  entirely  unsuitable,  as  was  Hack  worth's : 
lis  own  gear  described  in  the  paper  was  designed  to  suit  every 
r  condition  into  which  a  steam  engine  could  be  put,  allowing 
7  case  a  better  and  more  compact  arrangement  than  could  be 
)d  with  the  link  motion. 

ain,  the  engine-room  was  not  shortened ;   and  he  maintained 
ere  was  an  advantage  in  shortening  the  engine  and  the  engine* 

The  navy  was  now  pressing  them  to  put  their  engines  into 
illest  possible  space.  As  for  the  condenser  being  the  limit  of 
gth  of  the  engine,  that  was  not  so :  if  the  condenser  was  too 
t  was  easy  to  shorten  it  and  widen  it ;  there  was  plenty  of 
or  that  on  board  ship  in  the  direction  of  the  width  of  the 
irhere   there   was    always    plenty    of    vacant    space.      With 

to  the  number  of  parts,  he  might  remind  them  that  in  Mr. 
JI'b  gear  there  was  an  eccentric  running  upon  a  shaft,  as 

four  little  pins  in  his  own  gear;  and  it  should  be  remembered 
)  links  B  C,  Fig.  4,  Plate  58,  were  only  doing  about  one-sixth 
fork  of  the  eccentrics,  as  Mr.  Webb  had  shown.    With  regard 
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b>)  the  port  he  ccnfe^Eed  he  could  not  see  how  Mr.  Marshall 
perfect  liiasnun.  except  bj  a  ^special  derice,  to  which  he  wonl 
preeentlT.  The  long  T&lTe-rod  link,  which  had  been  spc 
fts  an  adTancage.  he  maintained  most  he  a  disadTantage,  1 
the  arc  in  which  it  vie  rased  was  not  equal  to  that  in  whii 
eccecccic-rcd  end  Tibrate«i ;  and  these  arcs  crossing  each  othe 
prr^dnce  errcr.  In  Li^  own  gear  these  two  arcs  were  made  eqni 
«o  ci'rrectei  each  other.  There  was  also  an  nncorrected  arc  i 
bj  the  obliquity  or  vibratii:in  of  the  eccentric  rod  acting  as  a 
and  this  wonld  pn^lnee  uneijnal  ribration  of  its  suspended  en 
theref  .-re  ineqnalitr  in  the  opening  uf  the  ports :  the  former  en 
belie^eiL  bavins  the  same  tendency.  From  the  drawing  howei 
gathertni  that  these  em>rs  were  corrected  bv  the  TaWe  haring  i 
lip  at  the  ti>p  end  and  a  port  formed  in  it.  Fig.  25,  Plate  ( 
making  a  doable  p«>rt  for  aiimi.<sion  at  the  top  end  of  the  TalTe, 
a  single  port  at  the  bottom;  and  this  appeared  really  to  be 
Mars  all's  jM^int  of  improvement,  and  not  the  gear  at  all. 
regard  to  the  farther  remark  that  all  these  Talve-motions 
m«:idifications  of  Hackworth's  old  gear,  he  could  not  agree  thi 
«)^-n  was  so.  as  it  haii  arii^en  out  of  an  endeavour  to  design  a  i 
motion  taken  fn^m  the  air-pump  lever  and  combined  with  a  trans 
action  fn>m  the  vibration  of  the  connecting-rod ;  and  in  this  for 
had  drawn  it  out  at  first.  In  its  present  form  the  link  or  lev 
Figs-  7  and  8,  Plate  50,  now  t<x>k  the  place  of  the  air-pump  leve 

He  was  much  obliged  to  Mr.  Webb  for  the  Tery  prompt  sa< 
thought,  far-seeing  way  in  which  he  had  taken  np  the  idea,  fbi 
exhaustive  analysis  to  which  he  had  subjected  it,  and  finally  fo 
very  perfect  and  practical  way  in  which  he  had  carried  it  onL 
thought  that  this  was  perfectly  in  accordance  with  the  spirit  o; 
Address  of  the  President,  where  he  said  that  if  they  were  to 
foreigners  out  of  the  market.  Englishmen  ought  to  take  hold  of 
things,  sift  them  to  the  bottom,  and,  if  they  were  good,  cuiy 
out.  This  was  precisely  what  Mr.  Webb  had  done ;  and  it  bel 
all  English  engineers  to  follow  the  same  bold  and  prescient  p( 
if  they  were  to  hold  their  own  as  the  leading  engineers  of  the  n 

Mr.  Humphrys  had  gone  into  the  matter  most  thoroughly 
could  therefore  speak  with  authority ;  he  had  also  told  off  the 
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talent  of  the  Barrow  Shipbuilding  company's  staff  to  analyse  and 
then  work  ont  the  question.  After  he  (Mr.  Joy)  had  given  all  the 
be  oould  to  the  draughtsman,  the  designs  were  put  in  hand  and 
out  without  any  interference  on  his  own  part ;  therefore  the 
soBolt  as  stated  by  Mr.  Humphrys  might  be  relied  on  and  accepted 
as  aatisiiBM^ry.  He  regretted  however  that  he  must  differ  from  Mr. 
Humphrys  when  he  said  that  he  did  not  attach  so  much  importance 
tD  the  exact  and  equal  distribution  of  steam  for  compound  marine 
CDg^neB,  but  that  it  was  very  good  for  locomotives ;  and  so  it  was. 
Bat  whatever  was  good  for  a  locomotive,  with  high-pressure  steam, 
WIS  good  also  for  a  marine  engine,  which  was  now  approaching  the 
lu^er  pressure  of  the  locomotive.  K  perfection  of  distribution 
were  good  for  the  one,  then  it  should  also  be  good  for  tfie  other, 
aqiecially  when  obtainable  at  even  a  lower  cost  than  the  present 
kkleiated  imperfection.  Marine  engines  were  already  working  up 
to  pressures  of  90  lbs.,  and  he  had  been  asked  in  London  about  some 
ddpg  in  which  100  lbs.  pressure  would  be  required.  He  was  quite 
ttrtun  they  would  reach  150  lbs.  before  long.  He  fully  agreed  with 
Mr.  Humphrys  however  that  the  greatest  difficulty  in  the  way  of 
fte  introduction  of  improvements  lay  in  the  conservatism  of  the 
ddpowners  and  their  advisers,  who  were  usually  cautious  to  a  fault. 
No  doubt  this  caution  often  saved  them  from  making  mistakes ; 
ht  it  often  delayed  the  advance  of  improvement. 

A  great  deal  of  what  Mr.  Boyd  had  said  had  been  answered  by 

Mr.  Webb  and  by  Mr.  Humphrys ;    but  there  was  one  point  which 

Mr.  Boyd  had  made    a  great  deal  of,  namely  the  plunging  and 

booking  of  the  connecting-rod  at  sea.     He  had  been  at  sea  himself, 

ttd  knew  all  about  that.     It  was  true  that  he  took  his  point  of  force 

from  the  connecting-rod,  but  in  the  first  place  ho  took  it  half  way 

Agig  the  connecting-rod,  and  in  the  second  place  ho  took  it  through 

fte  hnk  B,  Figs.  7  and  8,  Plate  59,  and  at  each   stop  by  reduced 

kierages,  thus  reducing  the  knock  or  looseness  that  might  have 

ken  imparted  by  the  connecting-rod.     By  attaching  the  lever  E  to 

tte  link  B  at  the  point  D,  the  distance  travelled  by  the  valve-rod 

fin  was  only  one-tenth  of  the  distance  travelled  by  the  pin  D.     If 

tliere  was  a  quarter  of  an  inch  knock  in  the  connecting-rod  (an 

Imoiint  impossible   to  be  allowed),  and  so  a  quarter  of  an   inch 
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looseness  at  the  pin  D,  there  would  bo  only  one-tenth  as  n 
the  other  end  of  the  lever  E,  or  ^^  in.  at  the  valve,  an 
inappreciable  amount.  The  practice  of  locomotive  engineers 
put  interchangeable  bushes  and  pins  in  all  the  wearing  parts, 
wore  out  of  the  control  of  the  workmen;  and  when  any 
interchangeable  bushes  or  pins  failed  or  gave  way,  they  had  n 
to  set  a  man  fitting  two  brasses  and  gettiog  them  exactly  ali 
tliey  took  out  one  pin  or  bush  and  put  in  another.  It  luu 
stilted  by  Mr.  Webb  that  a  locomotive  engine  would  mn  ei 
months  or  two  years  without  being  touched ;  and  yet  it  wa 
that  in  the  course  of  the  ten  days  required  to  cross  the  A 
a  connecting-rod  must  be  so  much  knoekcKl  about  as  to  interfer 
the  correctness  of  this  valve-motion.  With  regard  to  the  act 
the  compensating  links  B  and  C,  and  the  '*  wobbling  '*  of  thai 
of  the  gear,  spoken  of  by  Mr.  Boyd,  that  action  was  much  wo: 
the  onlinary  air-i)ump  lever  gear,  where  the  eoujiling  links  hm 
vibrations  for  every  revolution  ;  while  in  this  motion  the  vibi 
and  radius  links  B  and  C  had  only  one  movement  for  < 
revolution,  and  indeed  during  half  the  revolution  the  radius-r 
was  absolutely  at  rest,  moving  only  when  it  had  to  correct  the  < 
of  the  arc  in  the  return  stroke  of  the  connecting-rod. 

Mr.  Bobinson  was  one  of  their  highest  authorities  ;  but  he  < 
not  help  differing  from  him  in  his  idea  that  there  would  be  a  | 
deal  of  wear  and  tear  from  the  sliding  of  the  block  in  the  cnrred 
J,  Fig.  4,  Plate  58.  That  there  would  not  be  that  wear  and  tear 
been  pretty  clearly  proved  by  Mr.  Webb,  who  had  had  his  en 
tested  for  u  breakdown  to  see  what  part  would  fail  first ;  but  he  c 
not  hear  that  anything  had  failed  as  yet,  and  the  workmen  had 
that  they  had  never  had  a  bearing  hot,  or  a  pin  to  take  out.  Hon 
ho  only  proposed  to  introduce  this  slot  where  it  would  snit 
arrangement  best — say  for  locomotives,  traction-engines,  tt< 
l)lougbs,  and  so  on,  and  where  simj^licity  and  cheapness  were  of 
first  importance.  The  moment  he  came  to  a  large  engine,  he  ps 
the  gear  shown  in  Figs.  7  and  8,  and  had  a  double  radius-linl 
one  on  each  side.  Then  all  the  motion  was  in  the  same  plane ;  i 
were  equal  bearings  and  equal  strains  on  both  sides  of  the  oonneei 
r(;(1,  and  all  the  parts  were  got  in  a  straight  line.     That  ooold  k 
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doiDe  wiih  an  eocentrio  and  link  gear,  because  it  would  be  necessary 
to  put  two  eooentricB  in  the  same  place,  which  was  impossible. 

With    regaid  to  the  wear  upon  the  sliding  block  howcYer,  he 

irould  draw  attention  to  this  fact :  that  eten  if  it  were  considerable,  it 

"was  not  at  all  equal,  as  Mr.  Webb  had  shown,  to  the  enormous  wear 

«pon  the  eccentrics,  which  had  four  times  the  area  exposed  to  wear. 

He  ooold  giYe  as  much  bearing  surface  in  the  slot,  without  making 

it  imsightlj,  as  there  was  upon  the  slide-bars  of  the  piston-rod 

cma-head.   And  there  was  ncYer  any  trouble  with  slide-bars  properly 

«mBtnicted  and  properly  attended  to,  and  no  one  OYor  dreamed  of 

flurying  a  cross-head  on    radius-links;    yet  the    slide-bars    had 

ooimonsly  more  work  to  do  than  the  inclined  slot  in  this  motion, 

md  AS  they  stood  wear  so  should  this.     Further,  for  this  part  of  the 

BDtioii  there  was  an  exact  precedent,  which  had  stood  the  test  of 

yem  of  working,  in  the  transmission  of  the  power  for  working  the 

nlfes  of  oscillating  marine  engines,  which  were  often  of  Yery  large 

Ue;  there  the  action  of  the  eccentrics  was  transmitted  through  a 

diding  frame  haYing  curYcd  slots,  in  which  slid  the  blocks  hung  on 

fteends  of  the  IcYers  working  the  Yalves :  the  only  difference  between 

fte  two  cases  was  that  for  the  aboYO  gear  all  the  sliding  blocks  were 

curied  on  overhung  pins,  while  in  his  own  gear  the  sliding  block 

HB  donble-bome  by  a  pin  at  each  side. 

With  regard  to  the  facility  with  which  the  engine  could 
^lerersedy  he  had  found  some  years  ago,  when  he  was  a  locomotive 
Mpeiintendent,  that  he  could  not  himself  reverse  an  18-in.  cylinder 
^igbie ;  but  reversing  the  new  18-in.  engine  was  as  easy  as  possible. 
Ik  zeTersing  of  a  link-gear  engine  was  done  by  drawing  the  link- 
■oek  down  against  the  friction  in  the  link ;  and  when  the  angle  was 
^fonrable,  this  was  considerable ;  but  in  the  present  case  the  only 
**Qe  required  was  that  necessary  to  pull  over  the  lever  and  draw  the 
'rtreilong  in  a  straight  line. 

Mr.  Beynolds,  after  he  had  been  shown  the  present  plan,  had 

^t  him  copies  of  his  own,  and  said  that  a  firm  of  engineers  had 

^ggested  it  should  be  used ;  but  it  had  not  been  used  by  Mr.  Beynolds 

^Unself  or  by  others ;  and  in  that  case,  as  the  design  had  not  been 

^troduced  and  brought  out,  it  was  open  to  any  one  else  to  introduce 

^^  afterwards.    In  the  paper  it  was  stated  that  the  first  drawing  of  his 
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woarinj^  surfaces  and  groat  leugtb  of  stroke, 
why  Hack  worth's  gear,  Figs.  31  to  34,  Plate  G 
bocu  that  it  Lad  only  5-m.  or  G-in.  Bti'okc 
therefore  a  yery  excessive  angle  to  work  a) 
angle  as  in  his  own  gear:  so  that  it  y 
excessively  np-hill.  The  difficulty  was  thai 
opening  the  port  was  given  by  that  incline,  ^ 
length,  and  therefore  it  had  to  be  set  at  a 
corresponding  angle  in  his  own  gear  for  a  fol 
bat  he  believed  Mr.  Hackworth's  had  been  s 
to  the  wear  in  the  slot,  it  would  be  no  mor< 
present  link-block.  But  in  his  own  gear  ii 
from  end  to  end  ;  so  that  when  it  got  to  kn( 
even  all  over,  and  a  new  block  would  reme< 
gear  the  wear  was  uneven,  all  at  one  place 
so  that  there  was  often  a  little  hollow  in  the 
and  this  necessitated  reducing  the  whole  si 
Head  had  pointed  out  quite  correctly  tha 
sliding  block  would  be  pulled  or  pushed  son 
which  would  no  doubt  lead  to  wear.  That 
equalised  by  putting  in  new  blocks. 

Before  ho  concluded  he  wished  to  thanl 
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ON  A  STANDAED  GAUGE  FOB  HIGH  PEESSUEES, 


Bt  M.  GEORGE  MABIfi,  of  Paris. 


Madbines  worked  by  water  at  a  high  pressure  have  recently 
Bome  into  extensiye  nse.  The  admirable  hydraulic  cranes  of  Sir 
IVilLiam  Armstrong,  used  in  goods  stations  and  elsewhere,  are 
faniliar  to  everybody.  Mr.  Twdddell  also  employs  a  high  pressure 
,  <C  water  in  his  well-known  hydraulic  riyeters  and  other  tools.  The 
Mfefil  departments  of  several  countries  have  built  small  torpedo 
limning  under  the  sea,  and  worked  by  highly-compressed  air. 
\jf  the  use  of  testing  machines  becomes  more  and  more  general, 
[Md  iiieae  machines  generally  work  with  water  at  high  pressure. 
Looking  to  these  many  applications  of  water  or  air,  working  at  a 
pressure,  it  appears*  very  desirable  to  discover  a  thoroughly 
pressure-gauge  or  manometer,  capable  of  measuring  high 
with  sufficient  precision. 

gauges. — The  most  convenient  apparatus  for  this  purpose 

%  vndoiabtedly  the  ordinary  metallic  pressure-gauge ;  it  works  fairly 

'vsll  at  the  lowest  and  at  the  highest  pressures,   say  up  to  1000 

ifanoiplieres  if  necessary.     But  this  system  has  a  very  serious  defect : 

ill  graduation  cannot  be  fixed  by  the  aid  of  calculation  alone ;  it  is  only 

ft  eomparative  instrument,  and  its    graduation  must   be  fixed  by 

vamptaing  it  with  some  other  sort  of  manometer,  which  can  be 

pBdoated  by  calculation. 

Vrcfm  0  to  about  30  atmospheres,  it  is  easy  to  employ  for  this 
Nupose  the  open-tube  manometer,  which  gives  with  the  greatest 
seeision  the  exact  measure  of  the  pressure,  by  the  height  of  the  column 
£  meorcuiy  which  it  supports.  But  when  the  pressure  is  higher  than 
O  Atmospheres,  it  is  difficult  to  arrange  an  open-tube  manometer. 
Cailletet    and    Amagat    however    made    in    1879  fiQNec^l 

2  u  ^ 
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instminents  of  this  kind  working  from  0  to  400  atmospherei 
the  apparatus  is  very  delicate  and  ezpensiye,  and  experimeni 
only  be  made  in  a  mining  shaft,  because  it  is  necessary  to  1 
vertical  tube  200  or  300  yards  in  length,  filled  with  mercury, 
apparatus  may  be  employed  for  scientific  purposes,  but  it  is 
practical  instrument  for  mechanical  use. 

Standard  gauges  j  various  types. — The  Lyons  Bail  way  Com 
has  for  several  years  been  seeking  for  a  standard  gauge,  g 
simply  the  exact  measure  of  high  pressures,  and  at  the  same 
convenient  for  the  graduation  of  metallic  gauges;  the  mc 
of  graduation  for  this  purpose  must  be  simple  and  rapid,  bee 
the  gauges  ought  often  to  be  compared  with  the  standard  gi 
Many  types  of  standard  gauge  have  been  tried  without  success. 

Compressed-air  manometers  are  too  delicate  in  constmctioii, 
their  indications  are  not  reliable  at  high  pressures,  because 
assume  that  the  volume  of  air  decreases  proportionately  to 
increase  of  pressure,  whereas  the  last  experiments  of  M.  Cail 
show  that  this  law  is  far  from  being  true  at  high  preaB 
Granges  with  differential  pistons  have  also  been  tried;  bol 
these  the  resistance  and  friction  of  the  membranes  always  pro 
important  errors.  Both  these  types  have  been  employed  by 
makers  of  metallic  gauges;  but  their  results  have  always  I 
unsatisfactory,  as  is  easily  seen  by  comparing  the  gradnatici 
metallic  gauges  coming  from  different  makers  in  England,  Ame 
Germany,  and  France.  It  will  be  found  that  their  indicattoni 
quite  different  at  high  pressures. 

The  Lyons  Company  has  tried  another  system,  which  has  ' 
often  employed  by  gauge  makers.  Li  this  the  graduation  of 
metallic  gauge  is  made  by  the  aid  of  a  loaded  valve.  Fig.  1,  Plab 
similar  to  the  safety-valve  of  a  boiler.  The  water  reaches  the  u 
side  of  the  valve  through  a  pipe  A,  which  is  in  communioatioii 
the  metallic  gauge  to  be  graduated.  If  the  pressure  of  the  i 
increases  slowly,  the  valve  will  open  when  the  pressure  eqnah 
total  load  on  the  valve,  divided  by  the  area  on  which  the  water 
At  that  moment,  the  position  of  the  needle  of  the  metallio  gpn 
noted ;  and  this  gives  the  graduation  for  that  particular  piresBii 
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thai  particiilar  apparatus.  If  several  experiments  are  made  with 
^liferent  weights  on  the  valve,  a  complete  graduation  of  the  metallic 
grage  can  theoretically  he  ohtained. 

In  practice,  the  results  of  this  sjstem  are  verj  had.     If  several 
trills  are  made  with  the  same  weight  W  on  the  valve,  the  valve  will 
(^  at  different  positions   of  the  needle  on  the   metallic  gauge. 
This  result  can  he  easily  explained.      When  the  water  is  under  no 
peBBore,  the  weight  W  exerts  a  certain  pressure  on  the  edge  of  the 
'  nlve:  let  S  he  the  area  of  the  valve  out  to  out,  s  the  area  of  the 
cpoDing;  then  the  metallic  surface  in  contact  at  the  edge  of  the 
nlfe-seat  is  S  —  «•     In  practice,  with  high  pressures,  S  must  he 
ilmost  douhle  of  a,   otherwise    the   edge    of  the   valve-seat   will 
k  hroken,  when  the  valve  falls  on  its  seat.     In  any  case  it  is 
Beeessary  to  use  a  very  good  and  hard  metal  for  the  valve  and  for 
ili  seat.     Now  as  the  pressure  helow  the  valve  increases,  and  when 
fte  valve  is  not  far  from  heing  lifted,  the  pressure  on  the  surface 
h  contact  becomes   very   small;   then  a  slight  leakage   of  water 
gBoerally  takes  place  under  the  valve,  and  the  water  begins  to  exert 
Hi  pressure  on  a  surface  larger  than  the  area  s  of  the  opening.     At 
Ait  moment  the  surface  under  the  action  of  the  water  is  somewhere 
ktween  the  two  areas  a  and  S ;  but,  as  already  mentioned,  one  of 
ftese  must  be  about  twice  as  large  as  the  other ;  thus  the  possible 
tnm  in  the  measurement  is  not  far  from  100  per  cent. 

With  lower  pressures  the  error  would  be  much  smaller;  but  in 
flist  case  the  use  of  the  valve  is  needless^  because  open-tube 
unometers  can  be  employed. 

The  Lyons  Company  tried  another  valve  of  a  conical  form,  Fig.  2, 
late  70,  but  found  it  no  better  than  the  preceding  one.  A  spherical 
■Ive  has  also  been  tried.  Fig.  8,  the  sphere  being  made  of  very 
■id  agate,  and  the  seat  of  hard  steel ;  but  the  results  were  quite  as 
id  as  in  the  other  instances. 

Deaeriplum  of  the  Author's  system. — The  Author  has  now  given 
brief  description  of  the  best  systems  which  have  been  tried  for  the 
adnation  of  metallic  gauges.  The  open-tube  manometer  is  the 
Ij  one  giving  an  exact  measure  of  pressure,  and  we  have  seen 
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that  its  application  is  not  practical  with  high  pressures, 
the  end  o^  1879  the  author  made  trial  of  a  new  system  whic 
given  the  best  results ;  it  consists  in  the  use  of  a  perfectly  cylin 
piston  C  of  hard  steel,  moving  in  a  bore  also  perfectly  cylindi 
within  a  casting  B,  Fig.  4,  Plato  70.  The  water  under  preasui 
access  to  the  under  side  of  the  piston  through  a  pipe  A ;  a  1 
opening  and  another  pipe  afford  communication  with  the  m< 
gauge  G,  which  is  to  be  graduated.  The  piston  C  of  course  li 
soon  as  the  pressure  of  water  on  its  under  surface  exceed 
weight  with  which  it  is  loaded,  and  the  position  of  the  nee( 
that  moment  gives  the  graduation  of  the  gauge  for  that  pre 
as  before. 

The  piston  moves  in  the  bore  with  very  slight  friction,  so 
that  the  piston  falls  by  its  own  weight  when  there  is  no  pn 
below  it.  Nevertheless  the  leakage  is  less  than  1  cubic  centi 
(0*06  cub.  in.)  per  second,  at  a  pressure  of  200  atmosp 
The  upper  part  of  the  piston  is  fixed  into  a  metallic  lid  D,  ' 
supports  the  weight  W  when  the  piston  is  at  rest.  It  is  imp< 
to  remark  that  this  lid  D  has  not  to  prevent  the  leakage  of  ' 
The  small  drops  of  water  leaking  between  the  piston  and  th< 
have  a  free  discharge  under  the  lid,  through  the  openings  E ;  wi 
these  openings  the  apparatus  would  be  no  better  than  the  or^ 
valves. 

It  is  necessary  to  lubricate  the  piston  with  good  oil;  the 
carries  off  a  large  part  of  this  oil,  but  a  small  quantity  stays  o 
metal,  and  makes  the  friction  less.  The  piston  and  casting  ! 
made  of  steel  as  hard  as  possible,  but  not  hardened.  Pract 
the  apparatus  works  very  smoothly,  and  if  the  same  experim< 
made  several  times  over,  the  piston  always  moves  exactly  wil 
same  position  of  the  needle  on  the  metalb'c  gauge. 

This  particular  instrument  has  been  at  work  since  Deo 
1879.  The  piston  has  a  diameter  of  15  millimetres  (0*59  izu] 
it  works  from  0  to  200  atmospheres.  The  pressure  is  give 
means  of  an  accumulator  between  0  and  50  atmospheres,  and  by  i 

*  A  piBton  of  the  same  kind  has  been  k>ng  employed  for  measinii 
pressure  of  powder  gases  in  the  bore  of  gons. 


4'6CSTl880.  BTAHDABD  aAUOX  FOB   HIQH  PBBSSUBES.  459 

tf  •  Thomasset's  high-pressnre  compressor  between  50  and  200 
ktBOBpheres.  The  same  instrument  would  work  easily  at  a  pressure 
it^wr  than  200  atmospheres,  but  there  is  no  machine  giving  such 
dfii  pressures  in  the  works  of  the  Lyons  Bail  way. 

In  practice,  instead  of  a  dead  weight  W,  the  piston  is  loaded 
If  ft  grftduated  lever  on  which  runs  a  moving  weight,  as  shown  in 
b  general  arrangement.  Fig.  5,  Plate  71.  Instead  of  using  the  lid 
),  1^.  4,  the  lever  itself  is  supported  at  its  extremity,  Fig.  5,  and 
miot  descend  lower  than  its  horizontal  position  ;  and  the  piston, 
Mng  held  up  in  contact  with  the  lever  by  suspending  springs, 
Bttsot  sink  lower  into  the  bore  when  the  water  pressure  ceases  to 
Mt  upon  it  An  electric  bell  gives  notice  of  the  lifting  of  the  piston  : 
Aft  pressure  of  water  is  increased  very  slowly,  and  when  the  bell 
ingi,  the  observer  has  to  mark  the  position  of  the  needle  of  the 
Mtftllic  gauge  at  that  moment.  The  whole  apparatus  has  been 
nde  in  the  works  of  the  Lyons  Company. 

Objections  to  the  Author^a  system. — Many  objections  have  been 
Hged  ftgainst  the  system  described.  On  these  the  Author  has  made  a 
Mnplete  report,  in  which  their  influence  is  carefully  calculated. 
Ks  report  is  added  in  the  Appendix ;  the  Author  will  here  give 
^Xthd  results  of  his  calculations,  divided  under  the  different  sources 
tf  enor  which  arise. 

1.  The  pressure  of  water  under  the  piston  is  somewhat  diminished 
\f  Uie  leakage  past  the  piston.  This  would  naturally  be  looked 
^on  fts  a  very  large  error,   but  in  reality  it  is  very  small;   its 

flrfmdated  value  is  only  6;5^;ooo  * 

2,  The  lateral  opening  to  the  metallic  gauge  is  made  at  a  point 
wfaere  the  water,  instead  of  being  in  statical  equilibrium,  has  a 
xrtiin  velocity ;  this  produces  a  proportional  error,  which  is  different 

hm  No.  1;  but  its  value  is  only  i;ooo;ooo;oo(r- 

3.  The  leakage  water  exerts  a  certain  amount  of  friction 
etween  the  piston  and  the  bore ;  this  friction  gives  a  proportional 
CRxr,  which  is  smaller  than  y^^. 

4.  IHie  diameter  of  the  bore  has  been  measured  with  an  instrument 
xmrate  to  ^^  millimetre  (0*002  in.);  this  inaccuracy  may  give 
proporfcioiial  error  of  y^. 
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5.  The  diameter  of  the  bore  alters  with  the  temperature  of  t' 
water ;  this  may  give  a  proportional  error  of  n-. -^. 

6.  This  objection  is  the  most  important ;  it  concerns  the  effi 
of  the  metallic  friction  between  the  piston  and  the  bore.  The  Anth< 
has  already  stated  that  the  piston  can  move  in  the  bore  withoir^ 
sensible  friction  when  the  water  has  no  pressure;  but  when  tic 
pressure  is  on,  a  little  dirt  may  find  its  way  between  the  piston  Bsim 
the  bore,  and  cause  an  amount  of  friction  which  may  be  considerabK 
in  some  cases.  This  metallic  friction  is  quite  dififerent  from  tbcL 
friction  of  the  water  between  the  piston  and  the  bore,  the  value  ls 
which  is  Y^,  as  mentioned  in  No.  8. 

It  is  impossible  to  estimate  by  figures  the  friction  of  dirt  in  bucz: 
circumstances,  but  it  is  easy  to  eliminate  the  error  arising  from  thfr . 
source.     In   order  to  eliminate  this  error  the   Author    makes 
measurements  for  each  value  of  the  weight  upon  the  piston.    The 
of  these  is  made  with  the  pressure  increasing.  In  this  case  let  M,  Fig.  &- 
Plate  71,  be  the  position  of  the  needle  when  the  piston  begins  tomove^ 
the  levers  being  arranged  so  as  to  give  the  piston  a  very  small  stroke 
say  about  one  millimetre  (0  *  01  in.).   Then,  after  the  piston  has  move£ 
it  remains  in  its  highest  position,  1  mm.  higher  than  the  lower  poeitioci^: 
from  which  it  started.     After  a  few  seconds  the  flow  of  water  must  h^ 
stopped  by  closing  a  stop-cock  in  the  pipe  A.     Then  the  pressure 
decreases  slowly   under  the  influence  of   the  leakage  around  th^ 
piston,  and  after  a  few  seconds  the  piston    drops.     Let  N  be  th^ 
position  of  the  needle  when  the  piston  drops ;  then  the  middle  points 
P,   between  M  and  N,  is   the  correct  point  of  graduation.    This 
can  be  shown  as  follows.     The  metallic  gauge  is  supposed  to  Lave 
no  friction  at  all,  which  is  not  far  from  truth  in  practice.    Then 
it  will  be  seen  that  the  friction  of  the  dirt  has  a  retarding  action  on 
the  motion  of  the  piston  in  both  directions.     Hence  if  we  oonune 
that  this  friction  requires  a  pressure  of  jp  lbs.  per  sq.  in.  to  oveieoma 
it,  whether  the  piston  is  rising  or  falling,  then  the  needle  will  indicate 
p  lbs.  more  when  the  piston  rises,  and  p  lbs.  loss  when  the  piston  falls, 
than  it  would  do  if  this  source  of  error  were  absent.     The  difference 
2  p  is  represented  by  the  distance  M  N,  and,  dividing  this  distance  at 
P,  we  get  the  piesaxixQ  "wVivqYl  'woxiXdL\M\x^Q»ted.i£  this  frioticm  were 
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notiiiing.  Xn  practice,  unless  the  water  is  dirtj,  the  length  of  MN 
u  smaller  than  y^  of  the  total  length  OM.  Sometimes  it  may  be  a 
little  larger,  bat  in  that  case  it  is  better  to  remove  the  piston  and 
dean  it  carefullj ;  the  difficulty  can  be  avoided  altogether,  if  the  water 
employed  is  carefully  filtered.  The  return  of  the  piston  is  easy  to 
notice,  since  the  electric  bell  begins  to  ring  when  the  piston  rises, 
and  continnes  to  ring  until  the  piston  falls. 

Frii^ian  of  metallic  Gauges. — The  Author  has  already  remarked 
that  the  friction  of  metallic  gauges  themselves  is  generally  very 
■mall ;  but,  if  they  are  not  carefully  made,  the  friction  of  the  needle 
other  parts  may  sometimes  be  considerable.  The  follo\7ing  is  a 
ion  of  a  very  simple  apparatus  for  measuring  the  amount  of 
this  friction ;  it  has  been  designed  by  the  Author,  and  made  in  the 
works  of  M.  Guichard,  metallic-gauge  manufacturer  in  Paris.  The 
ifparatus,  Fig.  6,  Plate  71,  is  a  kind  of  metallic  gauge  consisting  of  a 
|Bpe  coiled  in  a  spiral  form:  the  water  passes  through  an  opening  A 
to  the  centre  C  of  the  spiral ;  the  other  end  B  of  the  spiral  is  closed, 
tod  a  needle  BD  is  fixed  to  it.  The  section  of  the  pipe  is  elliptic, 
M  in  the  ordinary  metallic  gauges.  When  the  pressure  of  water 
uteraases,  the  spiral  enlarges  itself;  the  centre  C  cannot  move 
kotose  it  is  fixed  to  the  board,  but  the  free  end  B  moves,  and  its 
ttotion  is  multiplied  by  the  needle ;  this  motion  is  measured  on 
^  graduated  curve  D.  Such  a  gauge  can  have  no  friction 
^tever,  because  the  needle  is  fixed  on  the  tube  itself  without  any 
^nmonisaion.  With  this  instrument  it  is  easy  to  measure  the  friction 
^  t  metallic  gauge  at  every  point  of  its  graduation.  For  this 
pii'poae  both  gauges  are  connected  with  the  compressor ;  then  the 
Pwrore  of  water  is  increased  until  the  needle  of  the  metallic 
pQge  reaches  the  desired  position  P,  at  which  the  friction  is  to  be 
*8*8ued.  Let  q  be  the  corresponding  position  of  the  needle  of  the 
'PQ^  gauge.  Then  the  pressure  is  increased  somewhat  further, 
•"id  ifterwards  decreased :  let  q'  be  the  now  position  of  the  needle 
**  the  spiral  gauge,  when  the  needle  of  the  ordinary  gauge  has 
"•kwiied  to  its  first  position  P.    Then  the  friction  of  the  gauge  under 

• 

^  U  given  by   q  —  j',   and    the  proportional   friction  is  ^~^-' 


^Pictiee,  with  a  good  metallic  gauge,  ^    ^'  is  smaller  than  - 


^0. 
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Design  of  the  Standard  Gauge. — Fig.  5,  Plate  71,  gives  the  dea 
the  actual  apparatus,  which  has  heen  working  since  the  end  of 
the   accuracy  of   the   measurement    given    with    that   appara 
within  a  limit  of  error  of  1  per  cent,  less  or  more.*     This  is 
sufficient  for  engineering,  practice,  hut  it  is  easy  to  obtain  a 
accuracy  for  pur2>oses  of  science.   The  Author  has  designed 
apparatus  in  which  the  piston  is  of  25  mm.  diam.  (1  in.)  inst 
15  mm.;   several  alterations  also  are  made   in  the   leTers.f 
apparatus  will  he  constructed  at  the  works  of  the  Lyons  Bai 
the    piston    will    be    made    of    aluminium    bronze    (10  per 
aluminium    and   90  per   cent,   copper);    and    the    diameter  c 
bore  will   be  measured   to  an  accuracy  of  ^ott  miUinietre  a 
works   of  the   French   Artillery  in  Paris.      The  accuracy  o 
new  apparatus  will  be  within  ^^  or  ^-^,  if  it  is  well  made, 
a  degree  of  accuracy  is  necessary  for  scientific  purposes;   bi 
mechanical  practice  the  accuracy  of  the  Author's  existing  appa 
TTTQ-)  ^  (luite  sufficient.     It  is  probable  that  the  Company  will 
machine  giving  a  pressure  of  water  higher  than  200  atmospl 
since  the  new  apparatus  will  be  strong  enough   to  measure 
atmospheres  or  more  if  necessary. 

Pumps  are  very  defective  appliances  for  giving  the  pieasi 
such  experiments,  because,  with  a  pump,  the  needle  of  the  mc 
gauge  is  in  continual  vibration.  It  is  much  better  to  emph 
accumulator  or  a  compressor. 

AppUcatimis  of  the  system, — The  Author  believes  that  the 
measurement  of  pressure  given  by  this  instrument  will  find 
applications  in  science,  and  in  mechanical  engineering.  The  foll< 
case  is  especially  interesting.  Testing  machines  have  now 
established  in  many  works;  but  they  are  somewhat  expc 
machines,  consisting  generally  of  a  hydraulic  piston  to  givt 
required  force,  and  of  other  apparatus  to  give  the  measure  d 
force.  The  Author  is  of  opinion  that  a  great  simplification  m 
introduced,  if  the  force  bo  measured  simply  by  multiplyin( 
pressure  by   the   surface  of    the  piston.      This  would    have 


*  See  the  Appendix  on  the  sources  of  error.  • 

t  The  Author  has  presented  the  dobigns  of  the  new  apparatua  to  tha  Insti 
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adfantiges:  firstly  it  would  greatlj  diminish  the  cost  of  testing 

Qttciiines ;  and  secondly  it  would  enable  them  to  be  made  on  a  much 

Iwger  scale,  with  a  pnll  of  a  million  kilogrammes  (2,200,000  lbs.),  if 

n^eesstry.   The  Author  has  made  many  experiments  showing  that  the 

Action  of  the  leathers  is  le^s  than  ^,  when  the  pressure  of  water  is 

liigh,  and  when  the  piston  is  perfectly  polished  and  well  greased ; 

^%   with    good    leathers,   and   with    a    well    graduated   metallic 

9tQge,  the  measure  of  the  force  is  easy.     It  may  here  be  obserTed 

^^t  the  metallic   gauges   generally   in  use    are  too  small;    they 

Woold  be  better  if  the  flexible  tube  were  larger  and  stronger;  the 

extent  to  which  the  motion  must  be  multiplied  would  then  be  smaller, 

^Qd  they  would  give  a  much  better  result. 

Again  a  piston  of  the  same  kind  may  be  employed  as  a  safety- 
^^ve;  the  piston  should  in  that  case  move  in  a  cylinder  having 
^tenl  openings,  the  water  flowing  out  through  the  openings  when 
^e  piston  is  raised ;  the  stroke  of  the  piston  should  also  be  much 
-longer  than  in  the  standard  gauge  here  described.  A  high-pressure 
^'^^ty-Talye  of  this  construction  is  now  in  use  at  the  works  of  the 
^yoJiB  Company. 

The  Author  may  conclude  by  observing  that  the  first  idea  of 

^A^Qse  experiments   was  suggested  to   him  by  the  experiments  of 

^^ptain  Galton  and  Mr.  Westinghouse  on  brake  friction  at  high 

^P^eds.    In  the  experimental  van  then  used,  the  various  strains  were 

^B^imated  by  measuring  the  pressure  of  water  in  several  Bichards 

^^^cUcators;  but  the  piston  of  a  Richards  indicator  has  no  packing, 

^^d  the  water  leaks  past  it  exactly  as  in  the  Author's  apparatus.    The 

"^tithor  will  be  glad  to  give  the  Members  of  the  Institution  any 

^^xxther  details  which  may  be  needed ;  he  will  also  be  glad  to  show 

"^Ixe  working  of  the  apparatus  to  any  member  visiting  Paris.      In 

"^^^^  Appendix  he  has  given  an  answer  to  the  objections  which  have 

^x^ously  been  made  to  the  system;  and  he  will  do  his  best  to 

^^plyto  any  other  objections  which  may  be  made  by  Members  of 

^iie  Institution.* 

*  Any  member  of  the  Institation  or  English  manufacturer  is  at  liberty  to 
^"^  the  apparatus,  without  payment  of  royalty. 
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APPENDIX. 


ESTIMATE    OF    ERRORS. 
1st.  Error  due  to  the  momentum  neglected. 

Consider  first  a  section  Ao  Bq  of  the  liquid,  Fig.  7,  Plate  71 ,  so  fttf  froic: 
the  piston  that  the  filaments  of  liquid  are  perfectly  parallel.  Secondly 
consider  another  section  Cq  Dq  of  the  annular  vein,  close  to  the  poin  j 
of  escape  of  the  water,  and  in  which  the  filaments  are  also  parallel] 
Let  Ai  Bi  and  d  Di  be  the  positions  of  these  sections  respectiyel)! 
at  the  end  of  a  unit  of  time.  Then  the  volume  between  A«  B^ 
and  A|  Bi  must  be  equal  to  the  volume  between  Cq  Bo  and  Gi  Di  = 
each  being  equal  to  the  discharge  of  water  per  unit  of  time. 

We  have  now  to  apply  the  principles  of  dynamics  to  the  bodjq 
formed  by  the  liquid  mass  between  AqBq  and  Cq  B^,  and  by  tha 
loaded  piston  of  weight  W.  This  piston  will  be  in  the  same  podtioia 
at  the  end  of  a  xmit  of  time,  while  the  liquid  mass  wiU  have  movea 
into  the  position  Ai  B|  Cj  Di.  We  assume  that  the  action  of  th» . 
external  forces  during  the  unit  of  time  is  equal  to  the  loss  oc 
momentum  in  the  body  under  consideration.  Hence  we  have  tLfl 
following  equation — 

^Fd«  =  MV.  -  MV, (Z 

where  F  is  the  resultant  of  the  exterior  forces,  M  is  the  mass  » 
the  body  considered,  and  Yq  and  Yi  are  its  velocities  at  the  beginnii^c 
and  end  of  the  unit  of  time. 

To  determine  the   forces,  let  S   be    the  area,  at  A«B^  of  tafl 
cylinder  in  which  the  piston  moves,  p  the  actual  preasiiie  at 
point :  then  the  external  forces  are  the  following : — 

1.  The  pressure  below  A©  B©,  or  jp  x  8. 

2.  The  weight  of  the  loaded  piston,  op  —  W. 
8.  The  sum  of  the  reactions  due  to  the  frictions  of  tho 

against  the  walls  of  the  cylinder^  or  —  ^   * 


/i 
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Each  of  these  forces  remains  constant  daring  the  small  motion 
considered  ;  lience  the  left-hand  side  of  the  equation  will  be 
represented,  "by  p  3  —  W  —  <f>. 

We  bAire  now  to  consider  the  right-hand  side,  or  the  loss  of 
momentnnu  Since  the  weight  W  does  not  move,  it  has  not  to  be 
oonsidered.  "We  may  also  neglect  the  part  A,  B|  Co  Bo,  which  is 
ooDunon  to  the  two  masses  Aq  Bq  Co  Dq  and  A,  Bj  Ci  D].  The  loss 
of  momentum  required  will  therefore  be  the  difference  between  the 
momentam  of  tbe  mass  Ao  Bq  A|  B|,  and  that  of  the  mass  Cq  Bq  Ci  Dj. 
I«et  I>  be  the  discharge  per  second;  o-  the  section  of  the  escaping 
and    to   the  weight    of  a  unit   of  volume;  the  velocity  of 


t 

r 


the  water  at  Ao  Bq  is  then  g,  and  the  velocity  of  the  water  at  Co  Do  is 

— .      The  mass  A^BoAjB^  and  the  mass  CoDqCiDi  are  each  =  -  x  to. 
The  loBB  of  momentum  is  therefore  given  by 


Dw        D        Jho        D         D«M7  / 1  1  \ 

it  IB  therefore  less  than  —  — -. 
The  equation  therefore  becomes — 

g  <r 

whence  P      "s       "s  <  "  ^' 

or  m  the  limit,  ^  =  "s   "*"   s"  "  ^' 

If  we  put  ?1^  =  a,    then 

g<r^ 

*  =  T  +  i        (2) 

with  a  negative  error  less  than  a.  ^  It  will  be  borne  in  mind  that  S  is 
the  area  of  the  cylinder,  and  hence  it  is  the  diameter  of  the  bore  and 
not  of  the  piston  which  must  be  measured. 


2nd.  Error  due  to  the  velocity  of  the  liquid  filaments. 

We  assume  the  supply  pipe  leading  to  the  piston  to  be  so  large 
that  the  water  has  no  appreciable  velocity  in  it.  But  the  water  in 
the  cylinder  immediately  below  the  piston  must  have  a  certain 
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velocity,  whicli  slightlj  diminiflhes  its  pressure.  On  the  otbe: 
the  pressure  in  the  metallic  manometer  is  equal  to  that  in  the  i 
pipe,  where  the  velocity  is  inappreciable. 

Let  P  =  the  pressure  in  the  supply  pipe, 

jp  =  the  pressure  at  Ao  Bq,  Fig.  7,  Plate  71, 
V  =  the  velocity  at  Aq  Bo. 

Then  —  =^+o:^orP  =  »  +  -n- 

whence  P  =  p  +  ^z^  sinoe  *^  =  g* 

The  error  fi  due  to  this  source  is  therefore  certainly  less  than  ^ 
In  practice,  with  the  latest  arrangements,  the  error  is  still  smal 

3rd.  Error  due  to  the  friction  of  the  water. 

Suppose  the  piston  to  be  very  long :  in  Fig.  8  let  Ao  Bo  1 
section  of  the  annular  vein  near  its  entrance  into  the  annular  i 
and  at  the  most  contracted  section ;  and  let  Co  Dq  be  a  section  nei 
point  of  escape.  Consider  the  annular  mass  Aq  Bq  Co  Do»  u 
Ai  Bi  Ci  Di  be  its  position  at  the  unit  of  time.  The  general  eqi 
(1)  being  again  employed,  the  external  forces  acting  on  this  niai 
as  follows : — 

Ist.  The  pressure  of  the  water  on  the  section  o-  at  the  boti 
the  annular  space. 

2ndly,  The  sum  2/  of  the  frictions  of  the  water  against  the 
of  the  cylinder. 

3rdly,  The  sum  2/i  of  the  frictions  of  the  water  agaim 
piston. 

When  the  clearance  is  very  small,  the  surfaces  of  the  cylinde 
the  piston  are  sensibly  equal,  and  we  may  consider  2/  and  S. 
equal.  Put  2/  =  —  <^,  thus  bringing  out  the  negative  sign. 
resultant  force  is  therefore  the  pressure  on  the  section  cr,  less 
Again,  since  the  motion  is  steady,  the  momentum  lost  by  the 
Ao  Bo  Co  Do,  in  passing  to  the  position  Ai  B^  Ci  D|,  is  eqn 
the  momentum  of  Ao  Bo  A|  B,  less  the  momentum  of  Go  D«  C 
But  if  the  piston  were  indefinitely  long,  the  frictions  in  the  an: 
space  would  be  sufficient  to  stop  any  motion  of  the  water,  and  iti 


AvGUST  1880. 


BTAJSmkRD  OAUOB   FOB  HIGH   PBES8UBE8. 


467 


of  momantiizii  would  consequently  be  zero.  At  the  same  time  the 
frassure  at  the  entrance  of  the  annular  space  would  be  equal  to  jp. 
Let  m  be  the  ratio  of  the  contracted  section  to  the  full  section  o*. 
Then  we  should  have — 

pnur  —  2^  =  0, 


♦  =  '»f  < 


per 


jxr 


Since  the  £riction  is  at  the  most  =  -2  with  a  piston  of  infinite 
length,  it  tvHI  be  less  than  this  value  with  a  piston  of  finite  length. 
Hence  if,  in  equation  (2)aboye,  we  put  |  =  y,  we  shall  have — 


4ih.   JSrrar  3ue  to  inaceuraey  in  the  weight  W  and  in  the  diameter 

of  the  bore. 

If  the   load    W  were  applied  direct,  the  only  possible  error  in 

estimatiiig    its   value  would  be  due  to  inaccuracies  in  the  weights 

forming  the  load,  and  it  would  suffice  to  compare  these  carefully  with 

gtaiidard   -weights.      In  the  actual  arrangement,   Fig.  5,  Plate   71, 

the  load  is  ^ven  by  a  movable  weight  on  a  graduated  lever,  and 

there  niay  l>e  slight  errors  in  this  graduation.    The  lever  might  be 

jnmAtk  longer  to  give  greater  accuracy,  but  it  would  be  better  to  apply 

the  weights  direct. 

Again  sHght  errors  may  be  made  in  determining  the  diameter  of 
the  here.  X*et  a  be  this  diameter,  and  da  be  the  error  in 
loeasnxenient.      Then  we  have — 


Area 


Hence  dS  =  ?^  x  da 

4 


dS 

S 


2iro  X  ^  _  2   X   ^ 


W. 


a 


da 


The  consequent  error  in  the  pressure  will  be  ^p  ~~i  which  we  will 

calls. 

If  the  measurement  of  the  bore  is  made  at  a  temperature  of  about 

15^  centigrade,  the  error  due  to  the  expansion  or  contraction  of  the 


axa 
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metal  may  be  neglected.  Assmne  that  observations  are  alwE] 
at  a  temperature  between  0°  apd  30°,  then  the  greatest  Yarif 
temperature  will  bo  15°.  Now  for  a  variation  of  100^  the  expa] 

steel  is  equal  to  g-QQ  of  its  length.    The  expansion  in  this  o 

therefore  equal  ^^^  X  qqq,  or  ^^qqq.  This  gives  a  possible 
proportional  error  of  about  0*0002,  or  an  error   in   the  i 

0  •  0004  or  2"5()o ;  which  may  be  neglected. 

Summary  of  Ebbobs. 

The  result  of  our  investigation  is  the  following  equation  :— 

w 

where  **  ''^  "  ~s    (^"^^  ^^®  ^  momentum  neglected) 

fi  <  2~S'   (®"^'  ^^®  ^  velocity  of  liquid  filame] 

7  <  p  28  (®rror  due  to  friction  of  water) 

8  <  2p  —  (error  due  to  measurement  of  bore). 

D  is  the  discharge  per  second  :  this  may  be  easily  measured  : 
particular  case,  but  it  will  suffice  to  fix  a  superior  limit  to  it. 
friction  of  the  water  was  nothing,  the  velocity  at  the  point  of 

would  =  a/  2(/  ^,  where  p  is  the  pressure,  and  w  the  weight  p 
of  volume. 

But  this  velocity  is  also    =  — ; 

hence,  in  the  limit,    —  =   a/  2g— 

to 
Hence  we  have — 
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relatioiis   wonld  hold  a  fortiori^  if  we    snbstitated  the 
s  for  the  cylinder  area  S. 


JLjfplication  to  the  apparaius  actually  in  U8e, 

Here    the    diameter  of  the  bore  is  14*2  mm.,  so  that  its  area 
8  —  160  sq.  mm.     The  clearance  between  piston  and  bore  is  less  than 

jj mm.,  so  that  <r  =  ir  x  14'2  x  go  =  2*23  sq.  mm. 

The  diameter  of  the  bore  is  measured  correctly  to  within  nn  iiun. 

If  the  prefisnre  p  =  200  kilogrammes  per  square  centimetre,  the 
discharge  I>  is  barely  1  cubic  centimetre  per  second :  and  taking 
the  kilogramme  and  centimetre  as  units,  we  have 

«        ^  1  X  0  001 


:auu 
0 

y 

200 

^  8 


900  X  00223  X  1-6  X  200  <  0,500,000' 
1  X  0001  ^  1 


2  X  900  X  (1- ay  X  200  ^  1,000,000,000' 

0-0223         J_ 
2x1-6^  143* 

2  X  005        J^ 
14-2      '^  Irk/ 


The  proportiozial  errors  would  be  the  same  for  other  pressures. 
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Discussion, 

Mr.  A.  Allan  mentioned  that  in  1859  he  had  read  a  paper  to 
the  Institution  (see  Proceedings  1859,  page  179)  on  a  new  kind  of 
pressure-gauge,  in  which  a  correctly  measured  yolume  of  air  was  used 
as  a  spring,  instead  of  the  ordinary  metallic  spring.  The  measured 
air-spring  was  acted  on  hy  cold  water  from  a  bent  pi|^,  as  usually 
applied  to  other  pressure-gauges ;  and  the  pressure  was  shown  by  a 
water  line  in  a  glass  tube,  as  in  a  barometer.  The  mode  then  adopted 
for  testing  these  air-spring  pressure-gauges  had  been  by  a  well  made 
gun-metal  cylinder  of  1  sq.  in.  area,  fitted  with  a  ram  of  the  same 
metal  having  a  carefully  turned  leather  washer  on  its  lower  end ;  the 
cylinder  was  vertical,  and  the  cross-head  on  the  top  of  the  ram  worked 
between  guides,  with  side  rods  carrying  a  plate  below,  which  was 
loaded  with  dead  weights  of  15  lbs.  each,  directly  under  the  cylinder. 
From  the  bottom  of  the  cylinder  a  branch  pipe  went  to  the  air-gangeto 
be  tested ;  and  another  to  a  Bourdon  gauge,  then  considered  infaUible, 
which  checked  each  15  lbs.  addition  to  the  load.  With  the  cyln^^ 
was  then  connected  a  tall  glass  tube,  closed  at  top  and  having  a  sp*^ 
to  mark  a  scale  on ;  and  every  15  lbs.  weight  added  on  the  ram  raisM 
the  water-line  correspondingly  in  the  glass  tube,  the  indications  bem^ 
found  to  agree  nearly  with  the  theory  of  air  compression,  according  n 
which  the  volume  would  vary  inversely  as  the  pressure  applied.  1^ 
reality  a  continually  diminishing  scale  was  obtained  up  to  200  1d& 
per  sq.  in.,  which  was  corrected  by  many  direct  experimfiotSi 
and  also  by  a  mercury  column.  On  testing  the  mercury  oolnD' 
itself,  there  was  found  to  be  a  constant  slight  error  when  it  ^ 
applied  to  .the  pressure-gauges.  For  instance,  after  loading  ^ 
testing  ram  to  100  lbs.,  and  pumping  up  the  mercury  to  that  peefO^ 
and  marking  the  scale,  if  it  were  then  farther  pumped  up  to  120  >» 
and  afterwards  lowered  again  to  100  lbs.,  the  mercury  column  nt^ 
came  back  to  exactly  the  same  point  in  fiJling  as  in  liaing*  prol'^) 
owing  to  the  firiotion  of  the  metal  in  the  glass  iabe. 
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Ji  the  present  paper  it  was  stated  (page  455)  that  the  graduation  of 
sure-gauges  could  not  be  fixed  by  calculation  alone ;  but  he  hoped 
tbe  mathematical  theory  of  air-compression  this  might  yet  be 
>inpli8bed,  and  that  a  correct  standard  scale  and  instnunent  might 
made  for  testing  all  ordinary  pressure-gauges  up  to  200  lbs.  per 
in.  by  a  simple  air-column.  Variation  of  temperature  would 
iasion  no  difficulty,  as  air  was  equally  elastic  at  all  ordinary 
nperatures;  and  the  necessary  operation  of  blowing  the  air  and 
iter  out  of  the  instrument  was  favourable  to  the  accuracy  of  the 
dieations  given,  because  for  each  gauge  tested  the  testing  air-spring 
oold  then  be  at  the  temperature  of  the  surrounding  air. 

About  three  thousand  air-gauges  had  now  been  made,  and  were  at 
rork  in  various  places.  In  some  of  them  the  same  air-spring  had 
Men  in  use  for  six  months  without  change,  and  in  others  for  twelve 
iKHiths.  Should  a  doubt  arise  as  to  the  pressure  shown  at  any  time, 
Ae  iir  could  be  blown  out,  and  a  new  supply  admitted,  which  would 
letde  the  question.  The  advantages  of  the  air-spring  pressure-gauge 
iBie  that  it  had  no  metal  spring,  rack,  pinion-sector,  or  multiplying 
fttiB  to  wear  or  stick ;  the  air-spring  was  without  cost,  and  could  be 
mewed  at  pleasure.  On  locomotives  the  water  line  formiol^  the 
ifidex  had  much  less  vibration  than  the  multiplying  pointer  of  other 
V^ing  gauges ;  nor  was  the  air-gauge  subject  to  silting  up,  on  boilers 
tak  primed.  The  instrument,  being  made  of  best  bronze  metal,  was 
M  liable  to  wear  by  oxidation ;  the  glass  tube  did  not  wear  like  those 
of  Witer-gauges  on  boilers,  some  having  been  in  work  eighteen  years  ; 
Bud,  in  the  event  of  accident,  any  man  could  replace  it.  The  air-spring 
Imnire-gauge  was  useful  to  test  others  by,  and  its  principle  had 
Wn  approved  by  various  engineers  of  eminence.  The  want  of  a 
pfttBue-gauge  based  on  scientific  principles  would  be  gathered  from 
ft«Boyal  Agricultural  Society's  trials :  out  of  265  new  metal-spring 
^Miges  tested  to  60  lbs.  during  the  three  years  1868-70,  only  37  were 
^^^  to  be  correct,  the  errors  of  the  remaining  228  ranging  from  16 
^M  per  cent. ;  and  at  the  Birmingham  show  in  1876,  out  of  108  new 
^Qges  tested,  only  9  were  found  correct.* 

•  8te  Proceedings  Inat.  M.  E.,  1871,  page  281 ;  and  The  Engineer,  28  July  1876, 

2  is^ 
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Mr.  J.  A.  G.  Ross  said  the  subject  of  the  paper  was  one  < 
great  interest,  especially  with  regard  to  larg«9  teatiog  macbincf 
there  was  a  liability  to  very  great  differences  in  tbo  pressure  in 
The  apparatus  described  in  the  paper  seemed  to  meet  that  i 
measure.  It  was  not  altogether  a  new  thing  :  ten  years  ago  i 
of  that  sort  had  boon  brought  out,  having  an  exactly  fitting  i 
cylinder ;  moreover  at  the  top  it  had  balls  similar  to  govemo 
so  that  it  could  indicate  without  any  adjustment  from  the 
pressure  to  the  highest,  by  moving  the  balls  and  leyers 
vertical  to  a  horizontal  position.  The  difficulty  in  that  case, 
he  apprehended  also  in  the  present  case,  was  that  it  was  im] 
to  keep  such  a  gauge  in  a  position  where  grit  would  not  get  : 
small  amount  of  grit  in  the  cylinder  caused  the  gauge  to  sti< 
so  it  failed. 

He  should  like  to  ask  Mr.  Allan  if  he  had  any  provia 
meeting  a  change  of  temperature  or  a  sudden  rise  of  pressni 
course  a  very  sudden  rise  of  pressure  produced  an  incrc 
temperature  in  the  confined  air,  causing  it  to  indicate  falsely ; 
wished  to  know  if  a  change  in  temperature,  or  a  sudden  rise  of  p 
altering  the  temperature,  had  been  met  or  compensated  for  : 
way  in  the  air-spring  gauge. 

Mr.  Allan  said  no  sudden  change  of  pressure  could  take  p 
actual  work  to  develop  heat  enough  in  the  air-spring  gai 
produce  the  smallest  eiTor ;  if  the  temperature  was  increased 
cause,  the  gauge  could  readily  be  tested  by  turning  the  hand 
blowing  out  the  water  and  air,  and  taking  in  a  new  atmospher 
then  it  was  of  no  importance  whether  its  temperature  wa 
or  32°  F.,  the  spring  would  be  of  equal  strength. 

Mr.  Boss  thought  the  absorption  of  the  air  by  the  water 
difficulty  in  Mr.  Allan's  gauge. 

Mr.  Allan  replied  there  was  no  difficulty  from  that  cam 
same  volume  of  air  would  last  twelve  months  in  the  gauce  i 
suffering  any  absorption ;  but  it  might  be  changed  hourly,  di 
weekly. 


\ 
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Mr.  W.  H.  Maw  said  the  apparatns  proposed  by  M.  Mari^  was 
prsetically  identical  with  the  form  of  combined  pressure-gauge  and 
Mfoty-TalTe  *  used  hj  Mr.  J.  V.  Gooch  when  on  the  South  Western 
Mid  Bastem  Counties  (now  Great  Eastern)  railways,  between  1850 
•ad  1856  :  many  scores  of  those  gauges  had  been  made  and  worked. 
Mr.  Groocli  had  adopted  the  plan  of  having  side  ports,  which  were 
sneoTered    by  the  piston  of  the  gauge  rising  above  the   ordinary 


The  PBXSiDEifT  observed  that  Mr.  Gooch  had  gauged  his  indicators 
by  a  g^uge  of  that  kind. 


.  fi.  LOtht  mentioned  that  some  years  ago  he  had  designed 

apparatus  for    measuring    the   pressure   in   hydraulic    presses, 

for    aaoertaining    the    friction   of   leather    collars;    and    had 

ied  out  a  series  of  experiments  for  Mr.  Hick.     All  the  various 

paeuBuro-ganges  he  could  get  were  connected  with  the  apparatus; 

amongst  others  he  had  one  with  a  small  piston  loaded  by  a  graduated 

larer  and  weight,  made  by  Messrs.  Joseph  Whitworth  &  Co.     He 

liad  also  a  mercurial  gauge  made  by  Mr.  James  Fogg  of  Bolton,  in 

which  the  pressure  from  the  pumps  or  press  acted  upon  a  very  small 

piston,  which  formed  part  of  a  very  large  piston  loaded  by  a  column 

of  mercury;  the  pistons  had  a  very  small  motion  indeed,  and  were 

packed    with    thin    india-rubber    diaphragms  stretched   over  their 

anrCaces,  and  secured  all  round  in  the  fixed  portions  of  the  gauge ; 

that  be  found  to  be  the  most  reliable  and  durable  gauge,   when 

once  properly  adjusted.     With  regard  to  the  friction  of  M.  Mari6*s 

[       piston,  he  thought  it  would  be  much  more  easily  measured  in  the  same 

way  that  the  friction  of  leather  collars  had  been  measured  in  the 

experiments  he  had  made.      In  those    experiments    the   ram    was 

continued  right  through  the  top  and  bottom  of  the  cylinder;  and 

the  weight  of  the  ram  being  known,  as  well  as  the  load  brought  to 

bear  upon  it  by  a  steelyard,  an  exact  measure  was  obtained  of  the 

power  required  to  move  it  under  certain  pressures.    For  instance,  in 

measuring  the  friction  of  the  leather  collars,  he  had  a  ram  passing 

•  An  eogrtying  of  thiB  ia  given  in  Ciark's  **  Bail  way  MacMnery;'  ^^^<^'^» 
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right  through  a  vertical  cylinder  with  a  leather  collar  at  each 
and  he  then  weighed  how  much  it  took  to  move  the  ram  up  or  dovni 
and  of  course  one  half  of  that  weight  represented  the  friction  of  one 
leather  collar.* 

Mr.  J.  HuMPHRTS  said  that,  looking  at  the  ingenious  contrivasfie 
of  M.  Mari^,  there  was  one  objection  which  had  been  raised  in  ^ 
paper  itself,  namely    as  to  the  difficulty  likely  to  arise  from  ^^ 
getting  into  the  cylinder.     He  should  be  glad  to  know  whether  t^ 
difficulty  might  not  bo  got  over  by  introducing  a  column  of  puri^^ 
oil  or  some  material  of  that  sort,  which  might  remain  under     '^ 
piston  and  interposed  between  the  piston  and  the  water. 

Mr.  E.  B.  Ellixotox  mentioned  that  a  gauge  very  similar" 
construction  was  commonly  used  in  chain-cable  testing  machines    "^ 
was  in  general  use  in  registering  the  pressures,  but  not  as  a  stand^^ 
the  dead  weights  and  levers  being  depended  upon  for  the  more  aocui 
measurements.     He  did  not  think  any  gauge  of  that  class,  or 
gaugo  at  all,  would  supersede  the  necessity  for  dead  weights  ^^ 
levers  in  accurate  measurement. 

Mr.  B.  H.  TwEDDELL   thought  the  members  owed  their  thai^ 
to  M.  Marie  for   the  careful  way  in  which  he  had  gone  into  V 
experiments,  and  the  able  manner  in  which  he  had  considered  W 
subject  mathematically.     Although  he  had   thereby  simply  pro^^ 
what  had  been  already  found  out  in  practice  in  this  country,  it 
satis&ctory  to  find  the  practice  was  confirmed  by  theory.     So  z 
as  the  application  of  any  gauge  to  ordinary  hydraulie  «wfi^l»in 
was  concerned,  ho  failed  to  see  any  necessity  for  it,  becausa 
accumulator  was  both  the  best  safety-valve  and  also  the  bef^ 
of  pressure  that  could  be  used ;  in  fact  it  was  only  another  fonn 
an  enlarged  scale  of  the  apparatus  shown   in  the  diagrama; 
where  it  was  a  question  of  testing  machinery,  where  the 


*  \  deKTiption  of  this  apparatus  with  the  recoltt  of  the  eiperiBanti 
published  in  Tht  EKg.'iiwr,  I  June  1$66,  page  393. 


AoouBT  1880. 
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a  mfttier  of  extreme  importance,  the  inyestigations  in 
ihe  paper  possessed  great  interest.  He  had  never  fonnd  gauges  on 
bjdraulic  machinery  reliable  for  any  length  of  time,  owing  to  the 
4hnf»tVg  and  Tibration  of  the  machinery  they  were  attached  to.  A 
Terj  simple  expedient  was  sometimes  used.  The  face  of  the  gauge 
kad  two  lines  of  figures,  one  on  either  side  of  the  vertical  centre  line ; 
and  each,  had  its  own  pointer,  which  moved  in  opposite  directions,  one 
fliieckmg  the  other.  He  might  mention  that  all  the  indicator  diagrams 
wliich  bad  been  given  at  the  Paris  meeting  by  M.  Berrier- Fontaine 
(Proceedings  1878,  p.  346)  had  been  obtained  by  an  ordinary  steam 
indicator,  which  he  had  altered  by  simply  reducing  the  area  of  the 
piston.  He  believed  he  was  the  first  to  take  indicator  diagrams  at 
any  aach  pressures — ^from  1,500  lbs.  to  2,000  lbs.  per  sq.  in. 


Mabi^  said  in  reply  that  Mr.  Allan  had  spoken  only  of  low 
while  the  apparatus  described  in  the  paper  was  for  high 
For  low  pressures  it  was  easy  to  have  a  good  standard 


With,  regard  to  the  question  of  dirt  coming  between  the  piston 
and  the  bore,  that  was  a  difficulty  no  longer.  A  filter  was  employed 
to  teat  if  there  was  any  dirt  in  the  water ;  and  it  was  now  found 
that  the  water  was  not  dirty  once  in  a  hundred  times.  It  was  not 
BeeeaBsry  therefore  to  employ  oil,  as  ingeniously  suggested  by  Mr. 
fiumphrys. 

BLe  had  not  heard  of  any  English  apparatus  of  that  kind,  and 
he  Bboiild  be  glad  to  have  the  drawings  of  any  such  that  had  existed. 
He  was  well  aware  that  the  principle  of  the  apparatus  was  very  old ; 
the  ordinary  Watt's  indicator  was  in  fact  an  apparatus  of  that  kind, 
aiaoe  it  had  a  piston  without  any  packing,  the  principle  being  thus 
aiactly  the  same  as  in  the  present  apparatus.  The  apparatus  which 
Mc  Gooch  had  employed  appeared  also  to  be  the  same  as  Watt's 
ijadicaior.  Yet  this  system  had  never  previously  been  employed  for 
the  graduation  of  gauges,  because  it  had  never  been  known  how 
to  measure  the  friction  of  the  piston.  He  believed  the  method  he 
had  given  for  measuring  that  Motion  was  new,  as  well  as  the  general 
arrangement  of  the  apparatus  described  in  the  paper. 
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Ganges  haTing  a  piston  packed  with  diaphimgniB  hmd  been  coin 
emplojed  for  fifteen  years  in  the  works  of  the  Paris  and 
Bail  way,  and    had  alwajs    given  trouble   bj  friction ;    and 
because  the  friction  of  the  diaphngms  had  been  found  to 
great,  that  he  had  been  led  to  look  for  a  new  method  of  mei 
high    pressures.     The     apparatus    described  for   this  pnrpot 
designed  for  yery  delicate  measurements ;  it  was  not  intendet 
for  ordinary  use  in  daily  practice,  but  for  graduating  by  it 
gauges  to  be  employed  in  ordinary  practice. 

In  conclusion  he  might  mention  that  he  had  lately  compar 
standard  gauge  with  a  metallic  gauge,  which  had  been  gradna 
M.  Amagat  by  comparison  with  an  open-tube  gauge  in  a 
shaft,  as  described  in  the  paper ;  and  they  had  been  found  to 
exactly. 

The  Pbbsidknt  proposed  a  Tote  of  thanks  to  M.  Marie 
paper,  which  was  carried  by  acclamation. 


The  President  proposed  the  following  Totes  of  thftnlra^ 
were  carried  by  acclamation : — 

To  the  Mayor  of  Barrow,  Edward  Wadham,  Esq.,  for  hi 
reception  of  the  Members  at  the  present  Meeting,  i 
hospitality  iu  entertaining  them  at  luncheon. 

To  Sir  James  Hamsdcn  and  the  Proprietors  of  the  yarious 
in  Barrow  and  the  neighbourhood,  open  to  the  Tisit 
Members,  for  their  kindness  in  inviting  the  Members 
their  Works,  and  for  their  arrangements  and  hospita 
connection  with  the  visit. 

To  the  Fumess  Bail  way  Company,  for  their  kindness  in  present 
Members  with  Free  Passes  over  their  lines,  and  for  the 
facilities  arranged  for  the  Ezcursions. 
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To  the  Barrow  Yacht  Club,  for  the  arrangements  so  kindlj  made 
by  them  for  facilitating  the  accommodation  and  convenience 
of  the  Members  visiting  Barrow. 

To  the  Honorary  Local  Secretaries,  Mr.  Charles  Smith,  and 
Mr.  C.  J.  Gopeland,  for  their  very  valuable  services  in 
suggesting  and  maturing  all  the  arrangements  for  the  success 
of  the  Meeting. 

The  Meeting  then  terminated. 


78  August  1M 


EXCURSIONS. 


The  following  Works  in  and  aronnd  the  town  of  Barrow  woi 
thrown  open  to  the  Members  in  the  course  of  the  week : — 

The  Barrow  Hiematite  Steel  Works. 

The  Barrow  Shipbuildiug  Works.  ' 

The  Barrow  Flax  aud  Jute  Works, 

S.  J.  Clave,  Railway  Rolling  Stock  and  Steel  Works, 

Fumess  Railway  Works. 

William  Gradwell,  Saw  Mills. 

Woodhouse  and  Sons,  Brick  Works. 

Cooke  and  Swinnerton,  Wire  Works. 

Westray  Copeland  and  Co.,  Engineering  Works. 


On  the  afternoon  of  Taesday,  3rd  August,  the  Members  wen 
entertained  at  luncheon  in  the  Market  Hall  by  the  Major,  Edwin 
Wadham,  Esq.  After  luncheon  an  excursion  was  made  by  specia 
steamer  from  the  Buccleuch  Dock  to  the  Eamsden  Dock,  describee 
in  Mr.  Stileman's  paper  (ani€y  p.  324).  The  Members  inspected  no 
only  the  docks  themselves,  but  also  the  grain  warehouses  am 
elevators,  and  the  sheds  and  other  arraugements  for  reoeiT]]i|| 
slaughtering,  and  storing  cattle  and  pigs  imported  from  America.  Tb 
appliances  included  a  refrigerating  machine  for  the  dead  meal  stoie 
in  which  the  cold  is  obtained  by  the  expansion  of  compressed  ■; 

From  thence  the  Members  walked  to  the  Barrow  Shipbnildf 
Works,  where  an  opportunity  was  afforded  of  seeing  the  steami 
City  of  Borne  in  course  of  construction,  as  described  by  Mr.  Ja 
Humphrys  in  his  paper  (ante,  p.  336).     A  portion  of  the  engine 
plate  for  this  vessel,  weighing  34  tons,  was  sucoessfuUj  oast  di 
the  visit ;  the  pouriug  being  done  from  4  ladles,  and  lasting 
1^  minute.     The  other  vessels  under  construction  at  the  tv 
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Tisit  inrere  five  gun-boats  for  tbe  Admiralty,  each  of  460  tons, 
I  cmgines  of  360  H.P. ;  the  Fumes^a  of  5500  tons,  with  4000 
^  engines,  length  445  ft.,  beam  44^  ft.,  building  for  the  Anchor 
e ;  the  yacht  Aries  of  800  tons,  for  Sir  James  Eamsden ;  two 
er  ships  for  the  Soci^t^  G^n^rale  de  Transports  Maritimes  de 
rseUle,  of  3800  tons  and  2500  H.P. ;  a  4000-ton  ship,  specially 
Lstmcted  for  carrying  live  cattle ;  two  ships  of  1500  tons  for  the 
Andrews  Steamship  Co. ;  one  of  2000  tons  for  Messrs.  Lamport 
1  Holt ;  and  two  steel  vessels  of  4100  tons  and  4000  H.P.  for  the 
ninsnlar  and  Oriental  Go.  A  new 'arrangement  of  TweddelFs 
dranlic  riveter  was  seen  in  operation  on  the  frames  of  some  of 
eae  vessels,  and  another  on  the  keel  of  the  Fumessia^  setting  np 
rets  of  l-p;  in.  diameter  and  8  in.  length.  Appliances  for  the 
ectric  light  were  in  coarse  of  erection,  to  assist  the  carrying  on  of 
le  work  daring  the  night,  which  was  rendered  necessary  by  the 
reat  amoont  of  orders  in  hand,  forming  an  aggregate  of  nearly 
0,000  tons. 

The  works  themselves,  which  are  among  the  most  extensive  in  the 
orld,  are  shown  in  plan  on  Plate  34.  They  are  divided  by  the 
dand  Road  into  the  engineering  department  and  the  shipyard.  On 
be  north  side  of  the  former  is  a  bailding  containing  the  coppersmiths* 
bop^  the  engineers'  smithy,  and  the  brass  foundry :  the  latter 
ootaining,  besides  seven  ordinary  pot  famaces,  a  large  reverberatory 
■mace  for  brass  castings  of  the  heaviest  class.  On  the  south  side  of 
be  engineering  works  are  two  large  buildings,  one  containing  the 
Nm  foundry  and  boiler  shop,  and  the  other  the  fitting  and  the 
ceeting  shop  respectively.  In  the  boiler  shop  the  boilers  for  the 
'Wnewta  and  for  the  City  of  Rome  were  seen ;  the  shells  and  tube- 
lates  had  been  drilled  by  a  multiple  drilling  machine  designed  by 
Er.  James  Humphrys,  and  capable  of  putting  in  eight  holes  at  once. 
lie  engine  shop  is  450  ft.  by  150  ft.,  and  contains  a  large  number 
f  liesvy  tools,  especially  a  double-standard  slotting  machine,  driven 
iUi  a  belt  velocity  of  1900  ft.  per  minute. 

Tlie  shops  in  the  shipyard  are  arranged  in  a  hollow  square, 
[[jouiing  the  Island  Road.  On  the  east  side  are  the  offices  and 
laller  diops ;  on  the  north  the  frame-bailding  shed,  smiths'  shop. 
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&c.;  on  the  soath  the  joiners'  shop,  saw  mill,  boat-bnilding 
cabinet  shop,  &c. ;  and  on  the  west  the  machine  shed,  coDtaining 
punching  and  shearing  machines,  &c.  Immediately  beyond  this  lift 
the  slips,  consisting  of  a  covered  slip  for  yachts,  and  twelfe  otiher 
slips,  of  which  the  largest  are  capable  of  taking  vessels  np  to  1,000  ft. 
in  length. 

From  the  shipyard  the  Members  were  conveyed  by  special  tni^ 
to  Lakeside  (Windermere)  on  an  evening  excursion,  in  the  oonite  o^ 
which  they  were  entertained  at  dinner  by  the  Barrow  Shipbuilding 
Company,  the  Barrow  Flax   and  Jnte  Company,  Mr.  8.  J.  ClftJ^^ 
Mr.  W.  Gradwell,  and  Messrs.  Westray  Copeland  &  Co. 


On  Wednesday  afternoon,  4th  August,  the  Members  first  proceeded 
to  inspect  the  goods  locomotive  built  by  Mr.  Webb,  and  fitted  with 
Mr.  Joy's  valve  gear  (see  ante,  p.  432). 

They  then  walked  to  the  Barrow  Flax  and  Jute  Works,  whero  the 
various  processes  described  in  Mr.  Fleming's  paper  (anU^  p.  380] 
were  exhibited  and  explained.  In  the  preparing  room  on  the 
ground  floor,  into  which  the  softened  stricks  of  jute  are.  conveyed 
from  the  ** batching"  room  adjoining,  there  is  one  row  of  boreakei 
cards,  then  a  row  of  finisher  cards,  a  row  of  first  drawing  framea 
a  row  of  second  drawing  frames,  two  rows  of  roving  frames,  and 
two  rows  of  spinning  frames.  All  these  machines  are  usually  ii 
motion,  and  the  material  leaving  each  row  of  machines  passes  Oi 
at  once  to  the  next  row.  The  bobbins  of  spun  yam  are  thei 
conveyed  into  another  room,  where  the  beams  are  prepared  fim 
the  looms ;  and  thence  the  beams  are  transferred  to  Hie  weavini 
room,  where  upwards  of  400  looms  of  various  sixes  are  at  work,  fn 
the  production  of  sacking,  bagging,  tarpanling,  hessians,  stewed 
bedding,  ^Msquard  window-curtains,  table-clofliSy  oonnterpaiMi^  Ae. 
The  looms  are  employed  on  difierent  qualitiaa  of  jvte,  from  the  fine 
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mAterud  made   fbom  line  yams  for  *'  Kalameit ''   to  the  ronghest 

DAil-bag    Backing;    and  from  tapestries  and  cloths  of   attractive 

designs  and   colonrs  to    common  plain    bedding    material.      The 

shafting  is  all  underground,  so  that  all  belting  from  the  ^oof  is 

obTiated,  and  at  the  same  time  the  main  bearings  are  less  exposed  to 

choking  with  the  dense  fluff,  which  settles  so  thickly  that  the  whole 

of  the  machines  have  to  be  thoroughly  cleaned  at  the  end  of  each 

day's  work.     After  having  been  inspected,  the  cloth  passes  through 

the  calendering  and  finishing  processes,  which  are   performed  by 

■pedal  machinery.     The  doth  is  then  wound  up  through  slits  in  the 

oeiling  into  the  storey  above,  where  it  is  lapped  by  machinery  in 

leidiness  for  packing,  and  where  also  the  sacking  is  cut  into  proper 

lengths  and  then  sewn  by  machines  working  with    three  different 

londs  of  stitch.      Small  wagons  on  rails  convey  the   bundles  of 

cloth  into  another  room,  where  goods  for  shipment  are  pressed  by 

hydranlic  presses  into  bales  of  great  solidity,  which  are  covered 

with  jate-doth  and  hooped  with  steel  bands.     In   ihe  same  room 

wreral  printing  machines  are  employed  in  printing  names  on  the 

finiflhed  sacks.     The  average  output  of  the  works  is  140  tons  per 

week;  and  1700  hands  are  employed  in  the  factory,  in  addition  to 

^7  300  occupied  at  home  in  sack-sewing. 

From  thence  the  Members  proceeded  to  the  Barrow  HsBmatite 

Iron  and  Steel  Works.     These  are  shown  in  plan  on  Plate  34.     It 

will  be  seen  that  the  Iron  Works  on  the  west  and  the  Steel  Works 

on  the  east  are  separated  by  a  wide  tract  of  land,  occupied  by  sidings 

Ac,  and  by  a  group  of  Goppee  coke  ovens.    The  Iron  Works  consist 

mainly  of  a  row  of  twelve  blast-furnaces,  all  of  about  the  same 

dimensions,  62  ft  high,  with  boshes  from  18  to  21.^  ft.  diam.     One 

fomace  has  three  Whitwell  stoves,  50  ft.  high  and  18  ft.  diam. ;  two 

others  have   Gowper   stoves  of  the  old   type ;   the  rest  have  the 

ordinary  cast-iron  pipe  stoves.     The  Gowper  stoves  are  about  to  have 

the  more  recent  improvements  added,  which  will  double  their  power 

and  enable  them  to  blow  four  furnaces.     The  pig  beds  are  all  on 

the  eaat  side  of  the  furnaces,  and  face  toward  the  sidings  above 
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mentioned.  On  the  west  side  are  the  hot-blast  stoves,  twent 
blowiug  engines  with  their  boilers,  and  also  workshops,  looon 
shod,  <&c.  The  ore-mixing  sheds  lie  to  the  east,  beyond  the  si 
adjoining  the.  pig  beds,  and  from  these  the  farnaocs  are  serri 
inclined  hoists,  working  wrought-iron  carriages  so  built  asti 
thoir  upper  platforms  horizontal.  Each  hoist  is  worked  by  i 
of  wiuding  engines,  the  winding  drums  being  driven  by  frictioi 
and  fitted  with  steam  brakes  which  bear  into  the  grooves  of  the  < 
Tlio  charge  per  ton  of  iron  made  is  about  35  cwt.  of  ore,  10  < 
limestone,  and  21  cwt  of  coke.  About  one-third  of  the  make  J 
for  steel  making;  and  this  is  all  carried  to  the  converter  ; 
molten  state,  and  used  direct.  For  this  purpose  the  metal 
down  the  pig  bed  in  an  ordinary  sand  channel,  and  falls  into  i 
ladle  mounted  on  a  wagon,  which  is  brought  into  positioi 
sunken  sidiug  immediately  under  the  boundary  wall  of  the  p: 
Each  ludle  holds  about  8  tons  of  metal.  When  full,  the  i 
stopped  off,  the  surface  is  covered  with  coal  dust,  and  the  li 
Conveyed  over  about  1  mile  of  railway  to  the  converter,  ^ 
suffering  any  serious  loss  of  heat. 

The  Steel  Works  consist  of  three  large  parallel  sheds,  ! 
converters  &c.  at  the  northern  end,  and  the  rolling  mill 
finishing  machinery  at  the  southern  end.  There  were 
converters  at  work,  producing  altogether  from  2500  to  300< 
per  week,  the  production  per  converter  being  much  greatei 
formerly.  A  6-ton  Siemens  furnace  is  also  at  work,  and  two 
furnaces  are  in  course  of  construction.  Baised  sidings  have 
made  at  each  end  of  the  Bessemer  department  for  the  entrance 
wagons  containing  the  molten  metal,  which  is  thence  disd 
direct  into  the  mouth  of  the  converters.  Inmiediately  to  the 
of  the  converters  are  the  steam  hammers  with  their  fomacec 
beyond  these  are  two  cogging  mills,  one  with  30-in.  and  one  with 
rolls,  driven  by  a  pair  of  beam  engines,  and  fitted  with  zev 
gear.  These  mills  deal  with  ingots  up  to  85  cwt.  each,  and 
dispensed  with  several  hammers  formerly  in  use.  South  of 
are  two  three-high  rail  mills  with  26-in.  rolls,   a  Grallowaj 
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^  md  a  26-in.  two-bigh  reversing  rail  mill.  This  mill  is  driyen 
V  8  pur  of  horizontal  engines,  with  Corliss  valves  worked  by 
MMoirics;  and  the  reversal  of  the  motion  is  effected  by  shifting 
ihe  eccentrics  on  the  shaft.  At  the  extreme  end  of  the  sheds  are  the 
imO  SAWS,  and  the  rail-straightening,  punching,  and  drilling  machines. 
To  the  south  of  the  sheds  is  a  range  of  seventy-two  gas  producers, 
mppljiiig  gas  to  the  reheating  furnaces,  which  are  all  on  the  Siemens 
«lgefiierative  system.  To  the  east  are  the  blast  engines  for  the 
leooomer  plant,  with  range  of  boilers ;  and  beyond  these,  adjoining 
be  Walney  Boad,  are  the  of&ces,  workshops,  and  laboratories,  the 
itier  containing  a  testing  machine  of  100  tons  maximum  pull. 

In  addition  to  the  inspection  of  the  works,  the  Members  witnessed 
be  casting  of  steel  ingots  under  steam  pressure,  on  the  plan  described 
J  Mr.  Davis  {anie^  p.  896).  On  this  occasion  the  top  was  keyed  on 
y  the  ingot  mould,  and  the  steam  pressure  applied,  in  less  than  80 
Beonds  after  the  pouring  was  finished.  They  also  witnessed  the 
iroof  of  a  small  boiler  of  mild  steel,  which  Mr.  J.  T.  Smith  had 
sndly  had  prepared  some  time  before  at  the  President's  request,  in 
kider  to  show  the  effect  of  excessive  pressure,  applied  to  tough  ductile 
teel,  in  making  the  rivet-holes  draw  and  the  seams  leak,  without 
iioducing  any  ripping,  cracking,  or  bursting  effect  The  boiler, 
linown  in  Figs.  20  and  21,  Plate  56,  was  made  of  ^-in.  steel  plates, 
irifh  dished  or  concave  ends,  the  diameter  being  48  in.,  diameter  of 
irets  ^  in.,  and  the  pitch  (double-riveted)  being  1|  in.  on  one 
kmgitadinal  joint,  and  2  in.  on  the  other.  At  860  lbs.  per  sq.  in. 
lie  leakage  in  the  IJ-in.  joint  became  so  great  as  to  overpower  the 
nimp.  It  transpired  that  the  boiler  had  been  similarly  tested  on  the 
neviouB  day,  when  a  pressure  of  420  lbs.  was  attained,  and  the 
eakage  then  overpowered  the  pump. 

In  the  evening  the  Annual  Summer  Dinner  of  the  Institution  was 
leld  in  the  Market  Hall,  the  President  in  the  chair,  and  was  largely 
Mended  by  both  Members  and  guests. 


when;  tliev  wcro  entertained  at  liincheou  by  I 
l.y  Mr.  \Vn<lliain,  Mr.  Aymtr  Ainslic,  fliid  J 
The  plant  cousiHtB  of  fimr  furooces,  height  75 
diam.  at  hearth  8  ft.  The  blast  is  sapplicd 
direct-acting  blowing  engines,  32  in.  Bteam  i 
cylinders,  fitted  with  expanuon  gear  and  inje 
are  eight  pipe-etoTes  to  eaoh  fnrnaoe,  fired 
giving  a  total  heating  snrface  of  9600  aq. : 
each  conaieting  of  a  brickwork  tower,  divided 
One  of  these  serves  aa  a  staircase,  and  the  o 
which  arc  lifted  and  towered  alternately  by 
engines  at  the  top.  The  boUera,  aoTenteen 
by  the  waste  gaaea,  which  are  mixed  witl 
combustion  chamber  placed  in  front  of  eaoh 
through  the  boiler  flue,  which  is  stngle,  c 
tubes,  return  underneath  the  boiler,  and  th< 
the  smoke  flue.  The  gantry  has  ten  spans,  a 
gradient  of  1  in  144,  sloping  from  one  em 
raised  by  a  direct-acting  steam  lift,  diam.  o 
of  piston-rod  5  in.,  to  the  other  end  when 
direct- acting  hydraulic  drop  on  the  ca 
production   is  about  650  tons  per  furnace 
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Excnraion  No.  2  proceeded  first  to  the  Mines  at  Park  and  Eoanbcad, 
tlie  former  belonging  to  the  Barrow  EEsBmatite  Steel  Company,  and  the 
latter  to  Messrs.  Kennedy  Brothers.  At  Boanhead  they  were  entertained 
tt  luncheon,  by  kind  invitation  of  Mr.  Myles  Kennedy.  Some  Members 
descended  the  "  Plunger  "  pit,  while  others  inspected  a  safety  apparatus 
fat  cages,  in  which  the  breaking  of  the  'rope  released  india-rubber 
tension  springs,  and  thereby  forced  eccentric  toothed  sectors  against  the 
vertical  guides,  the  cam  action  of  these  sectors  increasing  the  grip. 
Kennedy  and  Eastwood's  improved  rock  drill  was  also  seen,  boring 
l^in.  holes  in  mountain  limestone  at  about  5  in.  per  minute.  The 
air  cylinder,  12  in.  diam.,  admits  the  air  through  holes  pierced  round 
ike  middle  of  its  length,  so  that  the  compression  takes  place  during 
tiw  latter  half  of  the  stroke  only ;  admission  valves  &c.  are  thus 
done  away  with.  At  the  "  Wilfred  "  pit  was  seen  a  winding  engine 
viih  brake  sheave  on  the  drum  shaft,  and  brake  blocks  applied  direct 
hjf  a  short  single-acting  steam  cylinder. 

From  Boanhead  the  party  walked  to  the  new  sinking  of  the 
Sandscale  Mining  Company.  Owing  to  the  great  amount  of  water 
foaad  in  the  sand,  the  Gill  system  of  sinking  was  about  to  be  adopted  ; 
Irat  as  the  apparatus  had  not  arrived,  the  company  were  using  one 
<xf  Mather  and  Piatt's  shell  pumps,  which  is  worked  as  follows.  A 
lopefrom  a  steam  winch  passes  down  the  shaft,  and  is  attached  to  the 
(^too-rod  of  an  iron  cylinder  about  10  ft.  long  by  2  ft.  diam.,  with  a 
^rp  bottom  edge.  The  piston  has  an 'india-rubber  valve  opening 
upwards ;  and  sand  is  gradually  forced  through  this  valve  into  the 
Kpace  above  the  piston  by  alternately  dropping  the  cylinder  to  the 
^Kyktom  and  lifting  it  again.  When  the  cylinder  has  thus  been  filled, 
ibe  sand  is  emptied  into  a  reservoir  in  the  bottom  of  the  shaft,  from 
^Mch  it  is  raised  by  a  second  rope ;  only  a  portion  of  the  bottom 
^g  acted  upon  at  one  time  by  the  dropping  cylinder. 

In  the  Gill  system  of  sinking,  a  vertical  steam  cylinder  is  fixed 
»t  the  top  of  the  shaft,  having  a  hollow  piston-rod  passing  through 
^^  cylinder-ends.  Through  this  rod  a  rope  passes,  and  is  clamped 
^  it  when  required.  The  rope  is  led  down  the  shaft,  and  attached 
^  the  bottom  to  the  pump-rod  of  a  bucket  pump,  fixed  on  the  top  of 
*  wronght-iron  vertical  receiver.      This  receiver  has  a  removablo 
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bottom,  to  which  is  fixed  an  inlet  pipe,  which  passes  np  throngl^v' 
bottom  and  reaches  to  within  6  in.  of  the  top.      The  rope  is  ' 

slacked  ont  enough  to  let  the  pump  bucket  fall  to  the  bottom  of 
pump  barrel :  it  is  then  clamped  to  the  piston-rod  of  the  steam  cylii 
aud  steam  is  admitted  to  raise  the  piston.   This  in  rising  draws  up 
rope  and  pump  bucket,  and  thus  sucks  the  sand  up  through  the  ii 
pipe,  a  certain  amount  falling  over  the  top  of  the  inlet  pipe  into 
interior  of  the  receiver.     Tlie  same  happens  at  each  stroke  of 
steam   cylinder,   until    the    receiyer    is   full.       The  rope  is 
undamped,  the  receiver  is  drawn  up  to  the  top  of  the  shaft,  empti^ 
by  removing  the  bottom,  and  lowered  again ;  and  the  process  iiieD 
begins  afresh. 

From  Sandscale  the  party  walked  to  the  Blast  Furnaces  at  Askam. 
Here  there  are  four  furnaces,  each  capable  of  making  500  to  550 
tons  per  week.     The  gantry  lift  is  of  the  direct-acting  steam  type, 
but  the  furnaces  are  served  by  inclined   lifts,  similar  to  those  at 
the  Barrow  Steel  Works.      The  blast  is  produced  by  six  vertical 
blowing  engines,  four  of  them  having  the  crank-shaft  at  the  floor 
level,  the  steam  cylinder  above,  and  the  blowing  cylinder  above  this 
again,  with  the  slide-bars  and  cross-head  between  the  two.     One  of 
the  engines  has  a  piston-rod  15  in.  diam.,  giving  a  diminished  piston 
area   in    the  downward    stroke,   to  counterbalance   the   descending 
weights.     The  engines  are  compounded  together  in  threes,  the  central 
engine  being  fitted  with  condenser  and  air-pump,  and  reoeiying  the 
exhaust  steam  from  both  the  other  engines. 

Excursion  Xo.  3  was  to  the  Millom  Blast  Furnaces  and  Hodbarrow 
Mines,  situated  in  Cumberland  to  the  north  of  the  Duddon  estoarj 
(see  Plato  46).  Tim  party  proceeded  by  special  train  to  M^^l^", 
where  they  were  entertained  at  luncheon  by  the  Cumberland  Iron 
ISIiniug  and  Smelting  Company,  represented  by  the  managing  director, 
Mr.  Thomas  Massicks,  and  tho  HodbarroW  Mining  Gompenj, 
represented  by  the  manager,  Mr.  Cedric  Yaughan.  Thej  then 
inspected  the  Millom  Blast  Fumaoes,  which  were  started  abovt 
fifteen  years  ago,  but  have  recently  been  entirelj  lebidlti  with  all 
the  most  modoTn  \n\\\Tovcments.    Thej  are  70  ft  high,  21  ft.  diam. 
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^  and  produce  each  about  500  tons  per  week.  There  are 
^g  engines,  three  being  of  the  inverted  direct-acting  class, 
^  Wng  beam  engines,  with  the  piston-rod  attached  between 
Meeting-rod  end  of  the  beam  and  the  centre,  so  that  the 
'^^"Bfeoke  is  9  ft,  while  the  crank-stroke  is  11  ft.  The  blowing 
lers  are  at  the  other  end  of  the  beam,  and  are  100  in.  diam. 
^densing  water  is  supplied  by  one  of  Hathorn  Davey  &  Co.'s 
)aiid  direct-acting  pumping  engines.  The  works  are  remarkable 
)  extensive  and  complete  system  of  Whitwcll  stoves,  the  capacity 
ch  was  being  farther  increased  at  the  time  of  the  visit ;  and 
ir  extensive  depot  accommodation  for  the  storage  of  iron  ore, 
re.    The  railway  wagons  travel  from  the  branch  connection 

0  Fnmess  Bail  way  by  gravitation  to  a  vertical  hoist,  by  which 
e  lifted  35  ft.  high  to  tho  top  of  the  depot.     The  railway  at 

of  the  depot  has  a  slight  inclination  downwards,  which  admits 

wagons  being  placed  without  power  wherever  they  are  required 

lischarged;  and  when  empty  they  run  down  a  long  incline 

the   Forness  Railway.     Over  7,000  tons  per  week  of  raw 

1  are  thus  discharged,  so  that  this  self-acting  arrangement  has 
rable  importance.     The  company  are  extensive  mine-owners 

the  Cumberland  and  tho  Fumess  hsomatito  districts. 
3nce  the  party  were  taken  by  an  engine  to  the  Hodbarrow 

which  are  among  the  richest  and  most  extensive  in  the 
te  district.  They  first  saw  a  great  circular  hollow,  about  500  ft. 
►y  CO  ft.  deep,  marking  where  tho  surface  had  sunk  down  over 
ed-out  basin  of  ore.  There  are  several  such  basins  in  this  mine, 
gest  of  which  is  still  unworked.  At  tho  '*  Arnold  "  pit  a  new 
icting  pumping  engine  was  exhibited,  70  in.  cylinder,  9  ft. 
A  new  sinking  was  also  seen  in  progress,  carried  on  under 
by  Mather  and  Piatt's  process,  a  diver  being  employed  to 
\  boulders  occurring  in  tho  clay,  which  were  obstructing  the 
k  of  the  cylinders. 

)  parties  from  all  three  excursions  were  united  at  Foxfield 
3D,  and  taken  by  special  train  to  Coniston,  where  they  dined 
or  in  the  grounds  of  the  Waterhead  Hotel.    An  excursion  was 
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afterwards  made  on  the  lake  in  the  steam  gondola,  a  small  stefttx^^ 
which  has  worked  on  the  lake 'for  21  years,  and  still  retains  ^^^ 
original  boiler,  of  the  semi-portable  type,  with  cracible  steel  fire-l>^^ 


On  Friday  an  Excursion  was  made  to  Windermere,  by  the  Ic:  ^ 
invitation  of  the  Barrow  Hematite  Steel  Company.    The  Hemb:^^ 
were  conveyed  by  special  train  to  Lakeside,  where  they  embarkeX. 
the  steamer  Swan,  and  traversed  the  whole  length  of  the  laki^ 
Ambleside.   After  a  short  stay  there  the  steamer  returned  to  Bowift.^9 
where  the  party  were  hospitably  entertained  at  Innchoon   by      ^ 
Company,   Mr.   Schneider  occupying  the  chair.     On  this  occti^Ei 
he  gave  some  interesting  particulars  as  to  the  rise  of  the  Fnixs^ 
iron  industry,  for  which  see  ante^  p.  377.     After  luncheon  the  p^aj 
were  again  conveyed  to  the  head  of  the  lake,  and  thence  leturaoid 
Lakeside,  whence  a  special  train  brought  them  to  Barrow. 
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Institation  of  glc^aratal  ^nsinars. 


PROCEEDINGS. 


The  AuTUVN  Msshkg  of  the  Institution  was  held  in  the  Memorial 
Hall,  Albert  Square,  Manchester,  on  Friday,  29th  October,  1880,  at 
t  Three  o'clock  p.m.  ;  Edwabd  A.  Cowpeb,  Esq.,  President,  in  the  chair. 
The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 


OOTOBEB  1880. 


The  Pbesideiit  annonnoed  that  the  Ballot  Lists  for  the  election 
of  Members  had  been  opened  by  a  Committee  of  the  Council,  and 
tkat  tlie  following  New  Members  were  found  to  be  duly  elected : — 


MEMBERS. 
WiLUAM  WOBBY  BsAUMONT, 

BicHABD  William  Dbagov,  . 

James  Donai^d, 

BoBXBT  Pile  DozroBn, 

Oswald  William  Elus, 

John  Habby  Hallett, 

John  Bobsbt  jErrEBiES, 

Thomas  Massioks, 

Thomas  Sutton, 

Thomas  William  Thompson, 

John  William  Hudson  Westmobeland, 

William  Yates, 


London. 

Sourabaya,  Java. 

Bombay. 

Sunderland. 

Edinburgh. 

Cardiff. 

Ipswich. 

Millom. 

Barrow-in-Furness. 

Birkenhead. 

Nottingham. 

Manchester. 


The  Pbesidbnt  announced  that  the  President,  two  Vice-Presidents, 
and  five  Members  of  Council,  would  go  out  of  office  at  the  ensuing 
^r^nnal  Greneral  Meeting,  according  to  the  Bules  of  the  Listitution  ; 

m 

and  that  the  list  of  those  retiring  was  as  follows : — 
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KOMIKATIOir  OF  COUNCIL. 


Oc 


PBX8IDKNT. 


Edwabd  a.  Cowpeb, 


London. 


TWO  YICX-PBX8IDENT8. 

Charles  Cochranb,    .         .         .  Stonrbridgo. 

F&ANois  W.  Webb,  .         .         .     Crewe. 

FIVE   MEMBERS  OF  COUNCIL. 

HsNRT  Chapman,    ....  London. 

Dayid  Greig,     ....  Leeds. 

Thomas  B.  Hstherington,       .         .  Manchester. 

Arthur  Paget,  .         .         .  Longbborongh 

George  B.  Bennie,  .         .         .  London. 

Tbe  whole   of   the    above    gentlemen    offered    themseb 
re-election,  and  he  therefore  presented  the  above  list  as 
the  retiring  Members  of  Council  who  offered  themselves 
election  at  the  next  Annual  General  Meeting. 

Li  addition  to  these  he  nominated  the  following  Memi 
candidates  for  election  at  the  same  Meeting  : — 


Election 
A  Member. 

vice-president. 

1869. 

Daniel  Adamson, 

members  of  council. 

Manchester. 

1856. 

Charles  Markham, 

Chesterfield. 

1861. 

Samuel  W.  Johnson, 

Derby. 

1865. 

Francis  C.  Marshall,  . 

Newcastle-OD- 

1865. 

Bernhard  Samuelson,  M.P., 

London. 

1866. 

Sir  James  Bamsden, 

Barrow-in-Fm 

According  to  the  Bales  of  the  Institution,  it  was  now  open 
gentleman  to  propose  any  name  in  addition  to  those  candidates 

Mr.  B.  Price  Williams  begged  to  nominate  as  a  Mem) 
Council : — 

1847,    Bighaed  Peacock,  ,         •         «     Hmnchester. 
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The  Passioknt  reminded  the  Meeting  that  if  any  Member  had 
any  motion  to  propose  at  the  Annual  Meeting,  notice  must  be  given 
of  it  at  the  present  Meeting. 

No  such    notice  was  given,  and  the  following  paper  was  then 
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ON  RECENT  IMPROVEMENTS  IN  THE  MACHINERY  FOB 
PREPARING  AND  SPINNING  COTTON. 


Bt  Mb.  ELI  SPENCER,  or  Oldham. 


The  present  paper  has  been  written  in  compliance  with  the  request 
of  the  President,  and  is  intended  to  describe  the  main  improTements 
in  Machinery  for  Preparing  and  Spinning  Cotton,  made  since  the  date 
of  the  paper  read  before  the  Institution  by  the  late  Mr.  John  Flatt, 
at  the  meeting  held  in  Manchester  in  1866.* 

Opening  and  Cleaning  Machines* 

Machines  for  opening,  cleaning,  scutching,  and  forming  cottoo 
into  laps,  to  be  fed  up  to  the  carding  engines,  haye  undergone  very 
little  change  in  design  since  1866  ;  but  changes  have  been  made  to 
economise  labour  by  shortening  operations,  e,g.  the  use  of  nsg^® 
instead  of  double  machines,  and  a  better  disposition  and  arrangement 
of  the  machines  in  the  mills. 

The  Carding  Engine. 

The  principal  change  under  this  head  has  been  the  supplanting  of 
the  finisher  carding  engine  by  the  combing  machine. 

For  carding  cotton  for  coarse  numbers  or  counts,  the  idler  and 
clearer  engine  is  still  preferred ;  but  for  medium  and  fine  coonts  v^ 
self-stripping  flat  card  is  much  more  extensiyely  used.  This  maehix^ 
is  now  made  with  a  great  perfection  of  accuracy,  and  supersedef  to  * 
large  extent  that  class  of  labour  in  the  cotton  mill  which  is  tha  0^ 
difficult  to  control. 

Steel  instead  of  iron  wire  is  now  more  generally  used  for  ^ 
teeth.  Its  advantage  over  iron  is  that  it  can  be  drawn  finer,  and  wui 
thus  give  more  points  in  a  given  surface ;  it  also  admits  of  bevf 
hardened,  and  carries  a  finer  point ;  while,  as  the  hard  points  b^P 
their  sharpness  for  a  longer  period,  less  grinding  is  required,  and  ^ 
wear  and  tear  are  reduced. 
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The  Combing  Machine. 

Ck>tioin  intended  to  be  worked  into  the  finer  qnalitiee  of  yam  is 
now  generally  combed,  instead  of  being  carded  by  a  finisher  card. 
The  combing  machine  is  thus  becoming  one  of  the  most  important 
BBAdiineB  in  the  cotton  trade.  On  its  introduction  to  this  country  in 
1851,  it  was  used  for  Noe.  200  to  300  only  (where  No.  200  means 
ilHii  200  banks,  each  containing  840  yards,  weigh  1  lb.) ;  bat  in 
years,  owing  to  the  demand  for  a  better  class  of  yams,  for 
and  other  pnrposes,  its  use  has  rapidly  extended,  and  at  the 
preaent  time  numbers  as  coarse  as  30  to  40  are  made  from  combed 
eotton.  When  a  dear,  strong,  and  uniform  thread  is  required,  the 
machine  is  indispensable,  as  it  completely  separates  the 
fibres  from  the  short  ones,  which  the  carding  engine  does  only 
gutiaUy. 

Cotton  that  is  to  be  combed  is  opened,  cleaned,  and  carded  on  the 

Imaker  card,  and  the  sliver  is  delivered  into  cans.     A  number  of 

iheae  are  put  np  behind  a  drawing  frame,  and  their  slivers  passed 

tkioogh  it,  to  be  drawn,  straightened,  and  laid  parallel.     By  drawing 

the  divers  once  or  twice  through  the  drawing  frame,  the  loops  and 

kinks  are  to  a  great  extent  taken  out,  and  less  waste  is  made.    About 

terteen  cans  of  the  sliv6r,  thus  made  on  the  drawing  frame,  are 

dooUed,  and  onited  at  the  lap  machine  so  as  to  form  a  lap  7^  inches 

vide^  which  is  then  passed  through  the  combing  machine. 

The  details  of  this  machine  are  so  well  known  from  papers  and 

^NKib  already  published,*  that  a  full  description  is  unnecessary  here. 

Tlie  machine  invented  by  Heilmann  was  the  first  successful 

'^tchine  for  combing  cotton,  and  in  its  principal  features  it  remains 

*>it  was  originally  brought  out.    Many  attempts  have  been  made  to 

l^aiede  it,  by  Lister,  Whipple,  Imbs,  Lacour,  Heilmann-Ducommin, 

lod  others ;  but  it  has  always  maintained  its  position.  Its  mechanical 

deteils  however  have  been  much  improved  during  the  last  ten  years, 

in  order  to  obtain  higher  speeds  and  greater  production ;  and  now 

80  nips  per  minnte  are  obtained,  whereas  formerly  not  more  than 


^  See  «*  Qnat  Indoitiifls  of  Great  BritaiD,'*  by  CasseU  Fetter  &  Galpin,  page  291. 
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npplicntioa  of  nipper  came  at  both  ends  < 
prevented,  anil  a  lietter  nip  is  eecured ;  (: 
maJe  of  8  to  10  hcade,  or  deliveries  in  I 
(4)  All  the  came  for  giving  teoiprocating 
R&eeh ;  they  are  now  cut  b7  madiinei 
increased  speed,  and  greater  prodnction  are  < 
stop  motion  has  been  applied,  to  stop  the 
Ineakftge,  or  when  the  lap  is  mn  off;  (6] 
been  applied  to  the  coiler,  to  stop  tho  mad 
or  when  breakage  of  the  sliver  at  the  dran 
apparatus,  to  stop  the  machine  when  tl 
introduced ;  (7)  A  motion  has  also  been  a] 
movement  to  the  oomb  brash,  for  the  bette 
comb. 

Z%«  Drawing  Ihtm 

The  general  arrangements  of  thia  mad 
72,  are  the  same  as  described  in  the  I 
improvements  in  detail  have  beeoi  introdooec 
Fig.  1,  are  case-hardened,  so  as  to  renst  tl 
them.  The  gearing  fbr  connecting  the  fonr 
rollers  is  arranged  at  the  driving  end  of  t 
tliat  each  roller  Btarte  at  the  same  time ;  t 
and  uniform  drawing  of  the  cotton  aliver  1 
is  made  at  both  ends,  as  heretofore.  It  also 
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«  ^^^K^^er  diameters  than  those  formerly  used,  and  are  capable  of 
^^^  txinch  finer  yariations  in  the  "  count "  or  weight  of  the  sUyer 
[  ^/^^^  When  the  draft  is  changed,  no  difference  is  made  in  the 
^^^*^diate  or  ^breakage"  drafts.  The  operation  of  changing  is 
^^^  simpler  that  less  skilled  '*  carders  **  or  overlookers  may  be 
^^^^:  in  the  old  arrangement  the  relation  between  the  several 
^'^  was  so  difficult  to  understand  that  mistakes  were  continually 
"^  made.  It  was  then  found  more  convenient  to  change  the  draft 
"^^*6eti  the  third  and  fourth  rollers  than  between  the  first  and 
'Boood,  where  however  the  change  ought  to  he  m<ide,  since  the  greatest 
fBoont  of  elongation  of  the  sliver  takes  place  here. 

A  much  more  substantial  and  convenient  support  is  given  to  the 
fBuiBg,  as  shown  in  Figs.  2  to  5,  Plate  72  ;  the  drawing  operations 
'  KB  tliiis  made  smoother  and  easier,  and  the  quality  of  the  slivers  is 
■pored.  Front  stop  motions  are  now  universally  employed,  and 
moade  very  sensitive  and  quick  in  action ;  a  great  deal  of  waste  is 
fai  prevented  and  better  work  is  produced.  The  back  stop  motions 
m  also  constructed  to  act  with  greater  promptitude  when  a  sliver 
MkS)  thereby  stopping  the  frame  before  the  broken  sliver  has 
pUMd  under  the  back  roller,  and  enabling  the  piecing  to  be  made 
ImCqto  the  end  is  lost,  as  seen  at  B  in  Fig.  1. 

The  Enocking-Off  motion,  Fig.  1,  is  the   apparatus  by  means 

tf  which  these  various  stop  motions   are    enabled    to   stop    the 

■idiine.    It  is  similar  to  the  old  one  in  its  principal  features ;  but 

it  ii  limpler  and  easier  in  its  action,  and  requires  very  little  force 

te  Inng  it  into  operation ;  consequently  it  acts  very  quickly,  and  is 

>ot  liaUe  to  derangement.    At  C,  Fig.  1,  is  an  eccentric,  which 

the  inclined  rod  D  to  reciprocate,  and  at  the  upper  end  of 

lod  is  a  slot  E  oblique  to  the  length  of  the  rod  :  midway  upon 

fteiod  stands  a  projecting  snug,  ready  for  lifting  the  bar  F  out  of  a 

^<Mi  at  the  proper  time,  and  liberating  it.    A  lever  fastened  on  the 

^^*dlating  shaft  G  carries  a  stud,  which  fits  into  the  oblique  slot  E 

^  we  rod  D ;  and  the  weighted  lever  H,  also  fixed  on  the  shaft  G, 

^|M  the  stud  pressed  against  the  outer  end  of  the  slot,  so  that  the 

'^  0  is  rocked  by  the  reciprocating  movement  of  the  rod  D. 

The  knocking-off  action  may  be  illustrated  by  the  Back  Stop 


titt  tumbler  I 
■Uowsiti 
with  an  arm 
tborobjlo  azrert  th 
rj;  And 
oliliqve  slot  oftoseB 
so  btingB  the 
tikv  lifted  and 
fiom  the  fiut  to 


i(  akw  ^own  in  Fig.  1. 
vkick  Ae  drawn  sliTer  pas 
±^nsrtf2lBri»  Impair  of  ealenderroUenK.  ' 

<€  &e  fnnel,  and  oat  at  the  f 

ii  ituxliea  a  eaaaidenble  pall  tc 

J  »  canied  on  the  froat  end  • 

wauft  1^  Imak  «&i  I  k  i&e  koamr,  and  tends  to  tilt 

L  s  a  Mcincwnscac  lod,  connected  with  ai 

•2X3^  ckiit  €L  ai  ha^i^g  a  not^  in  its  front  c 

I  «f  «bi»  gxa^  kver,  viien  Ubented  lij  the  fair 

dzim  xsso  thia  ncac^  tkna  atuatiiig  the  nioti« 

aad  &ez«l«e  of  tke  shaft  6  and  stnd  K     This  b 


sH 


fiop  modoQ  D  F  inlo  necwa  aa  bi^bro  daaoibed,  and  at  once 


A  C^n  Stop  motun  is  nov  naed,  ^lidi  stops  the  mael 
the  reeeiring  can  is  folL  This  ^^aratoB  uawiiiin  of  s  fiJse 
to  the  coikridifiel  II,  Fig.  1.  The  plate  N  fbndng  this  U 
is  weighted  b j  a  ring  aboTe»  whidi  is  Tamd  in  weight  to 
coant  of  aliver  to  be  contained  in  tiie  can.  The  finer  ll 
the  lighter  the  ling.  Fine  dzawings  will  not  admit  of  bei^ 
so  tightly  in  cans  as  coazse  ones.  When  the  can  is  filled  si 
to  lift  op  the  loose  plate  X  close  to  the  ooikr  iriieel  K,  t 
stop  S  is  raised  in  front  of  the  end  of  areoipioeating  bar  P»c 
with  the  oscillating  shaft  G,  and  the  machine  is  stopped  i 
described. 

It  is  fimnd  very  adyantageoos  to  pnt  tin  same  langib  i 
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in  each  can,  bo  that  when  they  are  all  placed  up  to  the  next 
of  drawing,  or  to  the  slnbber,  they  will  all  be  emptied  at  the 
flHM  time.  By  this  means  the  attendant  knows  which  cans  require 
Wfkeing,  without  looking  into  more  than  one.  When  the  quantities 
k  the  cans  vary,  the  "  tenter  "  is  compelled  to  look  well  after  them, 
.  sftiffniBfi  the  machines  will  stop  yery  often.  Another  great  objection 
.  Iltte  old  system  is  the  liability  of  the  can  to  be  filled  until  no  more 
mm  he  fiiroed  into  it,  thns  damaging  the  sliver  and  often  breaking  the 
mSUtt  tope.  By  using  the  can  stop  motion  the  work  of  the  tenter  is 
wan  systematic,  and  a  greater  weight  is  got  through  the  drawing 
fame  with  at  the  same  time  a  slower  speed  of  the  front  roller. 

The  use  of  loose-bossed  top  rollers  has  now  become  almost 
tthonal  for  drawing  frames,  Fig.  1.  Another  important  improyement 
k  drawing  frames  is  the  application  of  a  patent  Clearer  for  the  top 
nDfln.  It  consists  of  an  endless  clearer  doth,  driyen  positively  by 
fMring  at  a  very  slow  rate,  with  arrangements  for  stripping  it 
Mdtaoically.      Its  great  cost  however  has  prevented  its  general 

8iBplio&. 

Beetridty  has  in  some  instances  been  employed  as  a  stop  motion 
kfteie  machines,  with  more  or  less  success;  but  its  adoption  has 
ktt  by  no  means  general,  and  the  limits  of  this  paper  will  not  permit 
^B^er  observations  upon  it. 


SlMnngy  Intermediate^  and  Moving  Frames, 

The  improvepients  introduced  into  slubbing,  intermediate,  and 
***>&§  frames  consist  of  better  winding  apparatus,  stronger  spindles, 
'Wfyers,  case-hardened  rollers,  stopping  and  lock  motions  &c. 

On  the  question  whether  the  bobbin  or  the  flyer  should  lead,  in  the 

^^'^'ding  of  the  thread  or  sliver  upon  the  bobbins  in  these  machines, 

^^  has   been    a    great    change    in    practice    since    1866    (see 

'^'^^oeedings   1866,  p.  222).     Formerly  nearly  all  machines  were 

^^  with  the  flyer  to   lead,   especially  when  pressed  flyers  were 

^^1  whereas  now  the  demand  of  the  trade  is  almost  universal 

^^tto  bobbin  to  lead.    The  latter  arrangement  increases  the  duty 

^  the  difbrential  motion,  and  requires  more  perfect  control  of  this 

^iKitiis.    Henoe  the  cones  employed  for  driving  the  differential 
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qwntnf*,  to  < 
extfk  darr  impoaed  npon  them.  A  In^Mi 
now  required  to  pradon  the  qialitj  ot  wi 
ecmpetitioii.  ThU  luw  dooe  mndi  to  fa 
GoUus  or  beaiiflgB,  to  enable  Iha  apiiidlc 
tho  oompantiTely  unbalAoeed  BUi^o-preH 
pnetiM  that  nicer  wotl  cbb  be  obtained  1 
than  from  donbl^-prcieod :  thia  ia  eqm 
finer  bank  loringB,  ny  abore  9  tv  10  hi 
eflect  prodnced  I7  the  donble  preoMi  np 
nndenrable  one;  and  the  finer  the  oonnt 
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rofing.     The  pressed  bobbin  contains  about  double  the   quantity 
of  roTing, and  lessens  the  labour  of '' creeling"  in  the  after  processes. 
The  best  flyers  are  now  made  of  solid  steel.     They  are  much 
lifter,  will  stand  a  much  flner  polish,  and  allow  of  being  worked 
into  shape  without  fear  of  cracks  inside  their  hollow  legs.    The 
■fittest  roughness  inside  the  legs  catches  the  fibres  of  cotton,  and 
ernes  the  work  to  be  badly  done,  and  the  ends  of  the  sliver  to  break. 
Machines  have  long  been  made  to  stop  when  a  sufficient  quantity 
fif  roving  has  been  wound  on  the  bobbins.    The  best  kind  are  now 
itted  with  a  lock  motion,  Fig.  6,  Plate  73,  by  which,  after  stopping, 
it  is  rendered  impossible  to  set  the  frame  to  work  again  until  the  full 
Mbins  have  been  replaced  with  empty  ones,  and  all  is  made  ready 
for  mother  start.    Before  this  improyement  was  applied,  tenters  had 
tlnd  habit  of  setting  the  frame  to  work  again,  after  the  ordinary 
stop  motion  had  stopped  the  frame,  by  holding  the  strap  on  the 
r    te  pulley,  until   the  bobbin  was  as   large  as    the    flyer  would 
pmnit  without  breaking  the  ends.    The  result  was  very  bad  work ; 
tin  diTers  were  stretched  and  made  yery  rough,  and  the  flyer  legs 
v«e  often  strained  out  of  their  proper  position  and  balance. 

TUb  Lock  motion.  Fig.  6,  Plate  73,  is  controlled  by  the  rack  of  the 
me  motion.  0  Oare  the  cones  for  driying  the  differential  "  jack-in- 
Mox  f  the  strap  A  is  slid  along  them  by  the  forks  F  F,  which  are 
fctoed  to  one  end  of  the  rack  D  sliding  in  a  grooyed  rail  E.  At  the 
<A0r  end  of  the  rack  is  an  adjustable  bracket  B.  Glaring  into  the 
i*^  B  is  a  pinion  on  the  yertical  shaft  0,  at  the  top  of  which  shaft 
.  *  ft  eord  pulley.  The  weight  H  suspended  from  the  cord  tends  to 
ten  the  shaft  G  and  its  pinion,  and  so  to  make  the  rack  trayel 
^i^VttcIs  the  cones.  At  the  bottom  of  the  shaft  G  is  a  ratchet  wheel  J, 
mtroUed  by  the  well  known  apparatus  called  the  <'  box  of  tricks.*' 
^  apparatus  allows  the  ratchet  to  turn  on  its  axis  through  one 
^^  at  each  rise  and  each  fiUl  of  the  lifting  rail  which  carries 
"^  bobbins.  Each  rise  and  each  fall  of  the  lifting  rail  corresponds 
vith  one  layer  of  roying  wound  on  the  bobbin.  The  strap  A  is  thus 
Msilly  trayeraed  from  one  end  of  the  cones  to  the  other,  by 
^^^^aui  ot  the  motion  of  the  shaft  G^  communicated  to  the  rack  D. 
The  ofdinaiy  setting-on  rod  MM  slides  endwise  in  the  frame, 
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and  IB  connected  with  the  Btrap-goider  of  the  £ust  and  loose  driving 
pulleys ;  NN  are  the  ozdinazy  handles  used  by  the  tenter  ibr  starting 
and  stopping  the  frame ;  and  K  is  an  arm  fixed  npon  the  setting-on 
rod  3L  The  slide-bar  I L,  sliding  in  fixed  brackets,  has  two  notches 
in  it,  I  and  L,  and  carries  a  projecting  Ing  P,  to  which  is  hooked  one 
end  of  a  coiled  spring  (shown  broken),  its  other  end  being  hooked  to 
the  fixed  bracket  T  on  the  frame ;  the  spring  therefore  ifondB  to  poll 
the  slide-bar  I L  towards  T,  into  the  position  indicated  by  the  dotted 
lines.  Catches  ready  to  fall  into  the  notches  I  and  L  are  carried 
upon  aims  taming  loose  on  a  centre-pin,  from  which  is  also  snspenaed 
the  lever  B.  On  this  loyer  is  a  stod  S,  which  is  suitably  placed  for 
acting  on  the  tail  ends  of  the  catches,  and  is  shown  holding  the 
left-hand  catch  clear  aboye  the  slide-bar  I. 

The  parts  are  shown  in  the  position  they  oocapy  jnst  preyioas 
to  the  lock  motion  being  brooght  into  operation.  The  right-hand 
catch  is  resting  in  the  notch  L  of  the  slide-bar,  thus  preyenting  the 
spring  frxnn  moving  it.  When  the  bobbins  are  fall,  the  bracket  B 
will  hare  poshed  the  leyer  B  &r  enoogh  aside,  as  shown  bj  the 
dotted  lines,  to  lift  the  catch  oat  of  the  notch  L ;  thvs  releaamg  the 
slide-bar,  and  allowing  the  spring  to  poll  it  towards  the  right-hand, 
and  with  it  the  s^tingnm  rod  M  by  means  of  the  arm  K,  and  so 
to  shift  the  driying  belt  from  the  fiut  to  the  loose  polley,  and  stop 
the  frame.  The  tilting  of  the  lever  B,  as  shown  in  dotted  lines^ 
removes  the  stud  S  from  contact  with  the  tail  end  of  the  Ififtp-hand 
catch,  and  allows  this  catch  to  frdl  into  the  notch  I  of  the  8lide4iar, 
thereby  locking  the  slide-bar  in  the  position  indicated  by  the  dotted 
lines. 

The  left-hand  catch  and  the  opper  part  of  the  layer  B  are 
enclosed  within  a  box,  so  that  they  cannot  be  tampesed  with ;  an 
inside  view  of  the  cover  of  this  box  is  shown  above  it  in  the  diawing. 
It  is  therefore  impossible  to  set  the  frame  on  again,  until  the  eatoh 
has  been  disengaged  from  the  notch  I,  by  winding  the  isflk  D  bask 
again,  ready  to  oommence  for  a  fresh  set  of  bobbins. 

The  general  resolt  of  these  improvements  consists  not  so  mmtk 
in  extra  prodoetion  per  ^indle — although  the  piedaetiQn  Is  graalsr 
for  the  same  velodtj  q£  lyndha  thaa  it  was  fixnnsdj — ImI  im  ft  fmj 
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quality  of  work,  wlucb  enables  the  attendant  to  watch  a 
L^nmber  of  spindles  at  the  same  cost.     The  machines  now 
mnoh  less  breakage,  and  it  is  no  nnooramon  thing  for  a  set 
to  be  filled  withont  a  single  end  breaking, 
arranged  establishments  it  is  now  generally  admitted  that 
speed  of  spindles  is  most  economical,  and  prodnces  the 
^  ^iimlit|^  of  work  with  a  minimum  of  waste.    In  some  parts  of 

Tory  hi^  speeds  of  spindles  are  preferred;  bnt  that 
^with  its  attendant  waste  and  inferior  work,  is  gradually  giving 
9*  ^^  snore  moderate  rates  of  speed.  The  well  established  maxim 
■^  **  ^^ork  spoilt  in  the  card  room  cannot  be  mended  in  the  spinning" 
*''®  l>«st  guide  in  this  matter. 

-^*  i«  now  cQstomary  tomake  very  long  machines  "  double  geared,** 

■**^y  'with  a  driving  part  at  each  end  of  the  frame.    The  spindles 

•^  Pollers  are  in  one  continnons  line  from  one  end  of  the  frame 

>    *^*^    other,  but  each  half  can  be  stopped  independently ;  so  that, 

fWf^ai   ^^  ^Q^  breaks,  only  one  half  of  the  machine  is  stopped  to 

J*^^^  til©  broken  end,  leaving  the  other  half  at  work.    An  increase  of 

M'^^t  ton  per  cent,  in  production  is  gained  by  this  useful  arrangement. 

^Qtr  the  finer  grades  of  yam,  there  are  four  passages  of  these 

^'"^^^^'^^'^ — the  slubber,  the  intermediate,  the  second  intermediate, 

•^"^  ^J^  roving  or  jack.     These  enable  the  required  fineness  of 

^^''^'^  to  be  attained  without  involving  excessive  drafts :  a  single 

^^^  abonld  in  no  case  exceed  one  into  six. 


The  Self- Acting  Mule. 

^  its  general  arrangement  the  Self-Acting  Mule  remains  as 
^**^4bed  in  1866,  but  many  very  important  additions  and 
^i^ovements  have  been  introduced.  The  self-acting  mule  of 
^^y  although  effecting  the  principal  operations,  loft  a  number 

ikdnor  ones  to  the  skill  of  the  operative  spjnner  or  "  minder," 
^  it  performed  some  of  its  duties  in  a  very  imperfect  manner. 
"^^  be  in  order,  we  will  first  refer  to  mules  for  spinning  medium 
^^^Qnts  of  yam,  and  secondly  to  those  required  in  the  spinning  of 
^ooimts. 
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Mules  for  Medium  Counts. 

The  first  improTement  to  be  noticed  is  that  the  goyemor 
for  regulating  the  position  of  the  quadrant  nut  has  been  x 
once  exceedingly  sensitive  and  Tery  reliable,  and  is  now  suiti 
either  coarse  or  fine  counts. 

The  Baching-off  Motion. — This  has  been  perfected,  its  o] 
being  regulated  automaticallj  to  suit  the  position  of  t] 
at  every  stage  of  their  progress,  from  the  oommencei: 
winding  to  the  completed  full  cop.  Formerly  this  appara 
imperfectly  manipulated  by  the  minder.  The  copping  a] 
is  now  used  as  the  controlling  agent  for  regulating  this 
Fig.  7,  Plate  74.  It  is  made  with  a  separate  front  ^  inch 
which  is  loose,  and  is  governed  by  an  additional  front  c 
plate  E.  Formerly  only  two  points  in  the  copping 
were  capable  of  being  adjusted  to  the  exact  positions  re 
whereas  by  the  use  of  the  loose  incline  D  all  the  positi 
now  regulated.  The  advantage  gained  by  this  latter  airai 
is  the  power  of  regulating  the  precise  position  of  the  fall 
when  the  ''faller"  is  locked — a  very  important  considerati 
the  hand  mule,  when  the  spinner  had  depressed  the  faller 
proper  position  for  winding,  and  uncoiled  the  exact  amount 
from  the  bare  spindles,  he  arrested  the  operation  of  backing 
commenced'  the  winding-on.  In  the  self-acting  mule  yn 
copping  rail  in  one  solid  piece,  this  important  object  conic 
attained.  The  amount  of  inclination  in  the  front  incline  was  dei 
by  the  conditions  required  to  commence  the  cop  on  the  bare  s 
At  the  commencement  it  was  very  important  to  keep  the  ^d 
the  cop  or  height  of  the  cone,  as  shown  by  the  close  dotted 
A  B  in  Fig.  8,  as  short  as  possible,  in  order  to  prevent  i 
unwinding  in  the  subsequent  processes.  When  the  copping 
set  at  the  commencement  of  the  cop,  the  position  of  the  fiJj 
was  determined,  and  set  to  suit  the  requirements  of  the  <^6Fati 
as  soon  as  the  winding  part  of  the  copping  rail  aasomed  ti 
inclined  position  to  enable  it  to  wind  a  longer  chase,  then  tl 
incline  assumed  a  less  inicilinfid  ^oeition^  leaving  the  fidler  wii 


Oct.  1880.  OOTTOK  8PINKIN0  KAOHIIIXBT.  508 

time  of  the  faller  locking  in  a  worse  position  at  eacli  snccessiYe 
dnv,  until  the  chase  bad  attained  its  maximnm  at  C  D,  Fig.  8,  and 
U  begun  to  be  gradnally  shortened  again.  This  was  in  reality  a 
eon^lete  rerersal  of  the  practice  in  the  band-spinner*s  operations, 
lor  many  years  this  method  was  considered  qnite  satisfactory;  bat 
flie  demand  for  longer  cops,  built  more  firmly,  gave  the  impulse  to 
flie  present  improvement.  The  front  incline  being  now  made 
aonhle,  its  position  can  be  regulated  so  that  the  operation  will 
k  ui  exact  counterpart  of  the  hand-spinner's  work,  when  he  made 
Ui  best  cop ;  and  by  the  use  of  an  automatic  apparatus  for  tightening 
tte  biddng-off  chain,  in  conjunction  with  the  loose  incline  D  on 
tteeopping  rail,  the  amount  of  yam  uncoiled  from  the  spindles  is 
ngnlated  to  suit  the  position  of  the  filler  wire  at  the  termination  of 
Ae  bseking-o£  When  once  set,  this  apparatus  needs  no  attention 
from  the  minder. 

As  the  copping  motion  was  explained  at  length  in  the  former 

fiper,  and  as  the  principle  is  exactly  the  same,  it  is  unnecessary  to 

'teeribe  it  beyond  what  relates  to  the  loose  incline,  Fig.  7,  Plate  74. 

Ue  oopping  rail  A  A  rests  at  one  end  on  the  front  copping-plate  B, 

ttd  tt  the  other  on  the  back  copping-plate  C.     One  end  of  the  loose 

ftont  incline  D  is  jointed  to  the  "  ridge  "  of  the  copping  rail  by  the 

Pb  F,and  its  front  end  rests  on  the  additional  front  copping-plate  £, 

^ueh  is  &stened  to  the  copping-plate  B  in  such  a  manner  that  it 

^BH  be  adjusted  to  suit  the  requirements  of  the  loose  incline  D.    By 

^^^Kyiog  the  form  and  position  of  the  additional  copping-plate  £, 

^  loose  incline  D  can  be  regulated  to  give  any  required  results. 

The  diagram  shows  the  faller-locking  arrangements,  with  the 
1^  It  the  bottom  of  the  lever  B,  Fig.  7,  instead  of,  as  in  the  former 
^''ttgBment,  at  the  top.  The  principle  is  the  same  in  both  systems, 
^  alteration  being  made  to  suit  the  requirements  of  the  other  parts 
^  the  headstock,  connected  principally  with  what  are  technically 
••Bed  the  «  changes.*' 

Tke  BaMng^ff'ChcUn  TigJUening  Motion.  —  Before  explaining 
^  pirts  connected  with  this  motion,  it  may  be  desirable  to  give 
^''^  farther  explanation  why  this  regulation  is  required. 
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When  the  carriage  Q,  Fig.  7,  Plate  74,  is  coming  ont,  o 
ovtwird  run,  the  front  or  winding  faller  wire  is  generally  abo-^ 
abore  the  points  of  the  spindles  S.    This  is  also  the  positioc 
parts,  in  ordinary  mnlee,  immediately  before  the  opention  oT! 
off  the  spiral  of  yam  that  is  coiled  upon  the  bare  spindles  aa 
top  of  the  cop.    As  is  well  understood,  the  reyersal  of  the  ft 
oanses  it  to  nnooil  this  yam  from  the  spindles,  and  alsM 
into  action  the  parts  which  poll  the  fiJler  wire  down.     In 
the  spindles  begin  to  nnooil  before  the  faller  wire  begins  -i 
becanse  the  tin  roller  most  make  some  little  movement  heA 
baddng-off  click  or  pall  can  take  hold  of  the  ratchet  wheal 
addition  to  this,  the  spindles  continne  to  nncoil  the  yam  dam 
time  the  faller  wire  is  moving  from  its  position  above  the  q 
points,  until  it  touches  the  yam.    From  this  it  will  be  seen 
considerable  length  of  yam  will  be  uncoiled  frxmi  the  9pi 
before  the  faller  wire  can  overtake  the  yam.    The  spindles  thu 
the  start  veiy  considerably,  and  at  the  completion  of  a  set  o 
this  loss  of  motion  of  the  faller  wire  produces  the  worst  resuU 
the  case  of  a  cop  with  its  nose,  or  point,  only  £  in.  from  the  r 
points,  the  loss  is  nearly  one-half  the  entire  motion  of  the  faXL 
which  moves  as  far  before  it  touches  the  yam  as  it  does  aft 
overcome  this  difSicolty,  it  is  necessary  to  have  the  backing-^ 
tight,  so  that  it  may  act  on  the  faller  as  early  as  possible ; 
backing-off  snail  is  made  as  large  as  possible  and  of  the  pro 
so  that  the  faller  wire  may  act  on  the  yam  at  the  earliest  m 

At  the  commencement  of  a  set  of  cops  the  conditionf 
much   more  favourable;    for,  although  the  space  actual 
through  by  the  faller  wire,  before  it  touches  the  yar 
constant,  it    bears    at    the    commencement  a  very  mo 
proportion  to  the  entire  distance  passed  through  by  the 
the  faller  locks,  than  it  does  at  the  completion  of  the 
Consequently  the  backing-off  chain  has  to  be  slack  at  tl 
of  a  set  of  cops,  otherwise  the  speed  of  the  faller  wire 
the  yam  down  the  spindles  faster  than  it  would  unoo 
thereby  break  the  thread.      Hence,  the  backingH>ff  < 
been  adjusted  to  the  proper  length  for  backing  off  ; 
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eommenccmcnt  of  the  set  of  cops,  it  is  desirable  gradually  to  tighten 
or  shorten  it,  as  the  cop  increases  in  length ;  until  at  the  completion 
of  the  cop  the  chain  is  almost  tight.  By  this  means  the  backing  off 
eia  be  adjusted  all  through  the  set,  so  that  it  corresponds  at  every 
itige  with  the  exact  requirements  of  the  case ;  the  nose  of  the  cop  is 
Fcserred  in  a  properly  firm  condition,  and  neither  too  much  nor  too 
little  yam  is  uncoiled.  Next  to  winding  the  yarn  properly  on  the 
cop,  this  is  the  most  essential  condition  in  making  a  good  cop.  Where 
the  apparatus  now  to  be  described,  which  efifects  this  automatically, 
ii  at  work,  it  is  found  that  very  much  fewer  noses,  or  points  of  cops, 
aie  ^halched,"  or  entangled. 

Beferring  to  Fig.  7,  Plate  74,  the  winding  faller  shaft  I  has 
keyed  upon  it  the  backing-off  finger  H ;  the  backing-off  chain  J  is 
brtened  at  one  end  to  the  finger  H,  and  at  the  other  end  to  the 
biddng-off  snail  E,  which  is  mounted  with  a  ratchet-clutch  upon  the 
tin-ioUar  shaft.  The  backing-off  tightening  chain  L  has  one  end 
Attened  to  the  boss  of  the  snail  E,  and  the  other  end  to  the  bell- 
cnnk  lever  M,  the  tail  of  which  is  shown  resting  on  an  incline  N. 
This  incline  slides  upon  a  plate  fastened  to  the  floor ;  and  an  arm  on 
the  front  end  of  the  incline  grips  the  copping-plate  connecting-rod  P, 
10  that,  by  means  of  two  hoops  fixed  upon  the  connecting-rod  P  by 
Kt-icrews,  the  incline  N  is  caused  to  move  backwards  with  the 
Wkward  motion  of  the  rod  during  the  formation  of  the  cop. 

In  Fig.  7  are  shown  the  positions  of  the  carriage  G  and  tho 

Virions  parts  just  previous  to  the  time  of  the  backing  off  taking 

phuse,  at  the  commencement  of  a  set  of  cops.     The  backing-off  chain 

J  having  been  adjusted  to  the  proper  length  for  backing  off  on  tho 

We  spindle,  the  copping  plates  B  and  C  with  the  connecting-rod  P 

^  gradually  move  inwards  or  backwards  in  tho  direction  of  tho 

''low  as  tho  cop  progresses,  and  will  carry  the  incline  N  with  them 

^  the  same  direction.     This  movement  gradually  brings  tho  higher- 

1^  of  the  incline  N  under  the  tail  of  the  lever  M,  causes  it  to  turn- 

^  the  direction  of  the  arrow,  and  so  pulls  the  chain  L ;  which  iu 

^>  acting  on  the  snail  E,  takes  up  tho  slack  of  the  backing-off ' 

^Ui  J.     The  incline  N  is  made  so  that  it  can  bo  varied  to  suit  the 

•P^icular  requirements  of  various  kinds  of  mules.     Tho  absolute^ 

2  Q 
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amount  of  tightening  depends  upon  the  setting  of  the  incline 
the  difference  of  level  between  its  two  extremities ;  and  the 
tightening  at  dififerent  parts  of  the  incline  depends  upon  the 
its  outline.  By  varying  the  form  of  the  incline  the  actioi 
chain  can  be  varied  to  suit  any  circumstances. 

When  onco  set  the  apparatus  needs  no  further  attention, 
commencement  of  a  new  set  of  cops  the  copping  plates  B 
wound  forwards  again  into  the  position  shown  in  Fig.  7,  the  ii 
goes  with  them,  and  the  baddng-off  chain  J  is  restored  to  iti 
slackness. 

TJie  Automatic  Nosing  Motion. — An  important  addition 
mule  in  late  years  is  an  improvement  applied  to  Biohard 
quadrant  winding  apparatus.  In  Boberts'  quadrant,  as  first  int 
and  as  described  in  1866,  the  only  variation  in  its  action,  wl 
set  in  proper  position,  was  caused  by  the  quadrant  nut  E 
Plate  75,  being  gradually  traversed  outwards  from  the  centr 
quadrant,  to  suit  the  increasiDg  diameter  of  the  cop,  until  1 
attained  its  full  dimension  at  GC,  Fig.  8,  when  no  further  mod 
was  made.  Now  if  the  spindles  had  been  of  equal  tl 
throughout,  the  winding  on  would  have  remained  in  all  it 
equally  good  :  but  this  is  not  so ;  the  spindles  are  taper. 

The  function  of  the  quadrant  is  to  accelerate  the  vol 
the  winding  motion,  and  this  constitutes  its  special  meril 
amount  of  this  acceleration  begins  at  zero,  the  quadrant  nv 
then  nearest  the  centre  of  the  quadrant;  and  the  velocity 
governed  by  the  distance  of  the  quadrant  nut  from  the  oentn 
increases  during  the  building  up  of  the  cop,  until  it  arrives  ai 
diameter.  The  acceleration  thus  conforms  very  nearly  to  : 
requirements  of  winding.  When  the  cop  arrives  at  its  full  c 
CO,  Fig.  8,  the  nut  has  reached  the  outer  extremity  of  its  tra 
the  quadrant,  and  no  farther  alteration  in  its  position  taka 
there  is  therefore  no  further  alteration  in  its  velocity  xatio 
the  building  up  of  the  remainder  of  the  cop  above  OD. 

But  as  all  cotton  mules  have  taper  spindles,  it  wm  aoa 
that  the  cop  noses  F,  Fig.  8,  could  not  be  wound  ti|^t;  m 
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loD^  cop  requires  a  longer  and  stronger  spindle  and  therefore  an 
increase  in  the  amount  of  taper,  the  points  of  the  spindles  being 
ilnyB  of  the  same  diameter,  this  difficnlty  has  increased  as  the 
ipdles  have  been  made  longer.  To  put  this  more  clearly,  it  will  be 
veil  to  describe  more  fully  the  requirements  of  the  operation,  and 
vbat  has  been  done  since  Boberts'  time  to  meet  this  difficulty. 

The  winding  parts  of  a  mule  should  be  made  so  that  when 
^  quadrant  nut  E,  Fig.  9,  Plate  75,  is  at  the  bottom  of  the  quadrant 
(that  is,  nearest  its  centre),  the  mule  can  wind  the  first  stretch  of 
jmi  on  the  bare  spindle,  as  shown  at  A  B  in  Fig.  8,  without 
either  leaving  yam  uncoiled,  or  winding  it  on  too  tightly,  and 
to  breaking  it.  This  is  the  ordinary  condition;  for  special 
eiaesi  such  aa  when  winding  the  yam  on  paper  tubes  <&c.,  this  rule 
is  departed  from ;  but  this  does  not  affect  the  purposes  of  the 
t^laaation.  As  the  cop  bottom  increases  in  diameter  from  A  to  CC, 
Kgi  8,  the  quadrant  nut  is  moved  out  further  from  the  centre  to  suit 
^;  thereby  decreasing  the  speed  of  the  spindles  when  they  are 
fading  on  the  larger  diameter  of  the  cop,  but  imparting  the  full 
^enoioal  speed  to  them  when  the  carriage  completes  its  inward  run 
^  the  winding  reaches  the  nose  of  the  cop.  In  Boberts'  quadrant 
"08  final  speed  was  nearly  the  same  as  the  velocity  when  commencing 
^  the  bare  spindle.  Now  the  blade  or  winding  part  of  a  cotton-mule 
^uidle  tapers  from  about  ^  in.  diameter  to  -^  in.  diameter ;  and  as 

tt  necessary  in  a  well-built  cop  to  wind  the  nose  of  the  cop  in  all 
^  stages  equally  dose  and  firm,  it  follows  that  the  winding  must  be 
S'sdnilly  modified,  so  that  the  velocity  of  the  spindles  at  the 
^BtBi&ation  of  the  inward  run  of  the  carriage  shall  be  suited  to  the 
^^si&eter  of  that  part  of  the  spindle  on  which  the  nose  is  being 
**^ :  that  is  to  say,  the  terminal  velocity  of  the  spindles  should 
iBGreiso  in  the  same  ratio  as  the  diameter  of  the  spindle  decreases. 
^^^  first  brought  into  action,  this  acceleration,  or  "  nosing  "  as  it  is 
^^^^  fakes  place  almost  at  the  termination  of  the  inward  run  of  the 
^''iiage;  and  begins  a  little  earlier  in  each  succeeding  draw  or  run, 
^til  at  the  finish  of  a  set  of  cops  the  nosing  may  begin  five  or  six 
^^^obei  from  the  end  of  the  inward  run  of  the  carriage.  If  the  nosing 
^S^  too  soon,  the  yam  is  wound  too  tightly  on  the  part  not 

1  ^1 
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requiring  additional  firmness,  and  is  unduly  stretclied.  This  is  le 
plainly  shown  by  the  action  of  the  counter  faller,  which  in  that  ca 
is  pulled  down  almost  close  to  the  winding  faller,  and  then,  when  t 
nosing  is  required,  is  seen  to  rise  again,  instead  of  remaini 
stationary  throughout  as  it  ought  to  do :  such  an  action  is  m 
injurious  to  the  yam. 

To  meet  these  requirements  many  contrivances  have  been  inycn 
during  the  last  fifty  years.  The  one  most  generally  in  use  is  t 
called  the  ''  Nose  Peg."  This  nose  peg,  acting  on  the  winding  cb 
F,  Fig.  9,  Plate  75,  deflects  it  from  a  straight  line  into  a  bent  1 
causing  additional  chain  to  be  tmcoiled  from  the  winding-on  dmni 
and  consequently  increasing  the  velocity  of  the  spindles.  T 
although  an  improvement,  imparts  but  little  acceleration,  and 
little  it  does  begins  too  early ;  say  about  18  in.  from  the  end  of 
inward  run  of  the  carriage.  Various  forms  have  been  given  to 
nose  peg,  but  all  amount  to  the  same  thing  in  practice. 

The  next  important  improvement  was  brought  out  in  1863, 
consists  in  converting  the  nose  peg  bracket  into  a  swing  lever  mon 
on  the  quadrant.  By  giving  this  lever  a  movement  on  its  centre 
action  on  the  winding  chain  is  quickened,  the  acceleration  of  S] 
is  greater  than  it  is  with  the  fixed  nose  peg,  and  its  action 
therefore  commence  much  later.  But  the  nosing,  even  with  this  sw 
lever  nose  peg,  still  conmiences  too  early,  is  limited  in  action, 
appears  to  lose  its  accelerating  function  when  it  ought  to  be  grea 
This  is  true  of  all  nose  pegs,  whether  worked  by  hand  or  self-ad 

Nearly  all  nosing  motions  invented  during  the  last  fifteen  } 
have  been  modifications  of  the  swing-lever,  and  all  except  the  so 
drum  nosing  motion  are  chain-deflectors. 

But  what  is  wanted  is  something  which  shall  oontinui 
supplement  the  ordinary  velocity-accelerating  function  of 
quadrant,  so  that  its  action  will  be  suited  to  the  oonati 
diminishing  diameter  of  the  spindle  on  which  the  cop  noae  is  I 
wound.  This  object  is  attained  by  the  application  and  use  of  a  i 
upon  the  end  of  the  winding-K)n  drum  H,  Fig.  9,  Plate  75. 

When  the  cop  has  attained  its  full  diameter  CC,  Fig.  fl^ 
scroll  drum  H  should  be  in  the  position  shown  in  Fig.  11,  Plaft 
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OD  tho  completion  of  the  inward  run  of  the  carriage  G.  As  the  cop 
^mes  gradually  built  np  higher  on  the  taper  spindle,  more 
winding  chain  ought  to  be  uncoiled  from  the  scroll,  until,  at  the 
completion  of  the  cop,  the  chain  should  be  wholly  uncoiled,  as 
«hown  in  Fig.  12.  It  will  be  understood  that  the  velocity  of  the 
winding  increases  in  the  same  ratio  as  the  diameter  decreases  of 
tbe  scroll  II  from  which  the  chain  is  uncoiled.  The  amount  of 
Acceleration  thus  given  depends  on  the  quantity  used  of  the  scroll 
portion  of  the  winding  drum :  and  the  character  of  the  acceleration 
depends  on  the  form  of  the  scroll  end  of  the  winding  drum.  Its 
nnge  of  acceleration  is  very  much  greater  than  that  of  any  other 
tppuatos  yet  invented. 

Fig.  9,  Plate  75,  shows  the  position  in  which  the  parts  should  be 
placed  to  commence  with.  The  (pxadrant  is  shown  in  the  position 
in  which  it  stands  when  the  bowl  is  on  the  ridge  of  the  copping  rail. 
The  carrii^e  G  is  shown  in  the  position  when  it  has  made  about 
1^  in.  of  its  inward  run. 

Kg.  10  shows  the  quadrant  nut  E,  with  the  parts  on  it  in  the 
^^  position  as  shown  in  Fig.  11,  Plato  76,  that  is,  when  the  cop 
^^(^^  has  just  been  completed.  The  carriage  G,  Fig.  11,  is  shown  close 
Qp  to  the  back  stops.  The  quadrant  nut  E  is  in  its  final  or  extreme 
outermost  position  for  making  the  rest  of  the  cop.  The  arrow  across 
^  winding-on  drum  H  is  in  the  same  position  as  shown  in  Fig.  9  ; 
^  is,  the  chain  F  has  been  uncoiled  from  tbe  cylindrical  part  of 
^  windiog-on  drum,  until  it  is  on  the  point  of  uncoiling  from  the 
*^U  part.  The  arrow-head  crosses  the  drum  where  the  cylindrical 
^iicentric  part  ends  and  the  scroll  begins. 

I*ig.  12,  Plate  76,  shows  the  position  of  the  parts  on  the 
^'^pletion  of  a  set  of  cops.  It  will  be  observed  that  the  winding 
*^ixi  P  is  here  uncoiling  from  the  small  end  of  the  scroll  H. 

The  end  of  the  winding  chain  F,  Fig.  9,  Plate  75,  instead  of 
^^  merely  attached  as  formerly  to  the  quadrant  nut  E,  is  now 
^^Uud  upon  the  body  of  a  ratchet-wheel  A,  on  the  shaft  of  which  is 
^^  fixed  a  scroll  L  Another  chain  C,  coiling  on  this  scroll,  passes 
^^tkce  under  and  over  the  stationary  pulleys  B  and  D,  and  under 
^  swinging  pulley  E;   and  its  end  is  fastened  to  the  sliding 
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bracket  L,  wbich  slides  on  the  shaper  screw  M  of  the  coppin] 
The  pull  of  the  chain  C  causes  this  sliding  bracket  L 
ontwardB  against  the  front  nug  of  the  8hax>er  frame  whic 
the  shaper  screw  M.  The  shaper  screw  is  turned  as  usu 
ratchet-wheel  B,  which  is  moved  through  one  tooth  at  each  1 
quadrant  by  the  wire  Q.  The  nut  N,  travelling  in  towar<^j 
the  shaper  screw,  comes  into  contact  with  an  inner  arm  on  th 
Ly  aa  shown  in  Fig.  11,  Plate  76,  and  causes  it  to  slide  inw 
the  inward  movement  of  tho  nut,  and  so  gradually  pulls  th( 
in  the  same  direction.  The  inner  arm  on  the  bracket  L 
adjustable  for  the  purpose  of  regulatiDg  the  time  when  the 
the  shaper  screw  shall  come  into  contact  with  it.  The 
pulley  E  is  carried  at  tho  bottom  extremity  of  the  lever  P  i 
from  the  centre  D ;  and  on  the  lever  is  centered  an  arm  S  fn 
upwards  but  not  downwards.  A  bracket  T  upon  the  qn 
capable  of  pushing  outwards  the  lever  P  by  means  of  tL 
when  the  quadrant  is  rotating  outwards.  The  steel  eo 
winding  chain  F,  which  goes  into  the  quadrant  nut  £,  is  a 
long.  The  remainder  or  curb  part  of  the  chain  will  th€ 
shorter  than  usual,  and  does  not  enter  into  the  quadrant  i 
and  thus  escapes  the  wear  it  would  otherwise  incur  in  passi 
the  small  anti-friction  pulley  at  the  bottom  of  the  nut  E. 

The  parts  being  properly  adjusted,  the  mode  of  work 
follows.  After  the  first  stretch,  the  governor  motion  fron 
time  moves  the  quadrant  nut  £  further  out  from  the  cent 
quadrant,  bo  as  to  adjust  the  winding  to  the  increasing  si 
cop.  By  this  movement  of  the  quadrant  nut  the  slack  in 
C  is  soon  taken  up ;  and  after  the  slack  is  taken  up,  th 
outward  movement  of  the  quadrant  nut  causes  the  chain  < 
the  bottom  of  the  lever  P  inwards.  On  the  return  or  out 
of  tho  carriage,  tho  bracket  T,  acting  on  the  arm  S,  forces 
P  outwards  again ;  and  in  so  doing  pulls  a  length  of  chaix 
tho  scroll  I,  thereby  causing  it  to  turn  on  its  axis  and  wind 
ratchet-wheel  A  a  length  of  winding  chain  F,  which  would  < 
remain  coiled  on  the  winding-on  drum  H:  the  ratdist- 
caught  by  one  or  other  of  two  detent  catches  which  enter 
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Miu  In  congeqnence  of  the  ratchet-^vbeel  in  the  quadrant  nut 
flu  taking  np  at  intenrals  a  length  of  winding  chain  ahout  equal 
to  ibe  increasmg  distance  of  the  nut  from  the  quadrant  centre  B,  the 
length  of  chain  left  coiled  on  the  winding  drum  H  at  the  end  of 
Mch  inward  run  of  the  carriage  will  remain  nearly  the  same,  until 
fte  cop  has  attained  its  full  diameter,  when  the  parts  should  be  in 
the  position  shown  in  Fig.  11,  Plate  76,  the  nut  E  having  then 
niched  the  furthest  extremity  of  its  travel  along  the  quadrant  arm. 
TQl  this  stage  the  sliding  bracket  L,  Fig.  9,  will  still  remain 
fnned  outwards  against  the  front  nug  of  the  shaper  frame.  About 
tUitime  the  nut  N  on  the  shaper  screw  will  come  into  contact  with 
fte  sliding  bracket  L,  as  in  Fig.  11,  and  will  gradually  draw  the 
Ineket  inwards,  together  with  the  chain  G  and  lever  P ;  it  will  thus 
faw  a  further  length  of  chain  C  from  the  scroll  1,  wind  up  a 
&riher  length  of  winding  chain  F  upon  the  ratchet-wheel  A,  and 
QMM  the  chain  F  now  to  unwind  not  only  from  the  cylindrical,  but 
tin  from  a  portion  of  the  scroll  part  of  the  winding-on  drum  H.  The 
npelition  of  this  action  gradually  brings  more  and  more  of  the  scroll 
)artof  the  winding-on  drum  H  into  use :  tmtil  at  the  completion  of  the 
^  of  cope,  Fig.  12,  as  much  of  the  scroll  part  has  been  brought  into 
tM  as  the  circumstances  of  the  case  require.  By  causing  the  nut  N 
of  the  shaper  screw  to  act  sooner  or  later  on  the  sliding  bracket  L, 
*  greater  or  less  amount  of  the  scroll  on  the  winding-on  drum  H 
BM^be  brought  into  use.  By  these  arrangements  the  winding  can 
kftooommodated  to  any  form  of  spindles.  On  the  completion  of  tho 
"et  of  oops,  the  scroll  I  on  the  quadrant  nut  E  should  be  in  the  position 
'kown  by  the  dotted  linos  in  Fig.  9,  at  the  top  extremity  of  the 
I^^drant  arm.  Before  beginning  a  fresh  set  of  cops,  the  winding 
'^^Fmust  be  uncoiled  from  the  ratchet-wheel  A  in  the  quadrant  nut. 

A  further  improvement  in  the  winding  motion  has  been  efifccted 
fa  change  in  the  manner  of  engaging  the  click  with  the  click- 
keel  on  the  shaft  of  the  tin  roller  K,  Fig.  13,  Plate  76.  Formerly 
^  movement  of  the  carriage  G  at  tho  commencement  of  its 
^''^ird  run,  by  means  of  the  winding  chain  F,  drum  H,  and  spur 
«^  and  pinion,  caused  the  loose  click-plate  carrying  the  olick- 


woimil  on  tlio  sriinaics  in  some  runs  thai 
tilijcctiijnabk',  because  tlio  yam  would  L 
"  snarls,"  when  tke  winding  commeQccd  Ut 
To  romedf  tbis  defect,  the  click  I,  F 
before  tLe  carringe  6  actually  begins  i 
aimple  coDtrivance:  conseqaontly  the  si 
imparted  to  the  Bpindles  in  eacb  inward  n 
its  foil  thickness,  except  \fhai  is  gained  bj 
noeing  motion,  as  already  explained.  lath 
was  engaged  by  the  click  moving  ronud 
the  moment  was  stationary.  In  the  netv 
put  in  motion,  whilst  the  click  is  stationi 
thns  the  converee  of  the  other.  For  tb 
which  the  click-spring  rotates,  instead  of 
of  a  fixed  bracket,  is  now  the  centre  boss 
loosely  on  the  shaft  of  the  tin  roller  E 
lever  ie  actuated  at  the  proper  time  by  a  fin 
rod  It.  which  lifts  the  "  holding-out  catch 
motion  from  the  "  taking-in  lever,"  as  it 
into  gear ;  and  by  means  of  the  lever  an 
gear  with  the  click-wheel ;  this  stops  th< 
moviniF   inwards    the  windintr  on  comm< 
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cmiige,  in  the  same  maimer  as  at  the  middle  of  the  headstock  and 
il  &e  out  ends  of  the  mole,  exoept  that  for  convenience  the  bands 
mbere  passed  nnder  the  carriage.  By  means  of  these  bands  the 
CHmge  is  now  goyemed  at  five  points  in  its  length. 

Another  important  improvement  in  the  back  shaft  is  the  connection 
khreen  it  and  the  shaft  of  the  taking-in  scroll.  Formerly  the  carriage 
WM  polled  in  from  the  headstock  only,  that  is  to  say,  from  the  middle 
flfiti  length  only,  and  the  ends  of  the  mole  were  kept  something  like 
fttillel  with  the  middle  part  by  means  of  squaring  bands.  By 
coBBficting  the  back  shaft,  when  the  mule  is  going  in,  with  the  taking- 
is  KroU  shaft,  by  means  of  extra  scrolls  and  bands,  the  back  shaft 
neehres  a  motion  exactly  similar  to  that  imparted  to  the  middle  of 
faeuriage.  It  is  converted  into  a  taking-in  as  well  as  a  drawing- 
^ihtft,  and  the  motion  of  the  carriage  is  kept  steady  by  six  bands, 
Biteid  of  two  as  formerly. 

The  cam  shaft  of  the  headstock  still  retains  its  important  position 
Mono  of  the  main  featnres  of  the  self-acting  mule.  In  its  best  form 
tt  18  worked  by  a  friction  box,  which  permits  of  the  quickest  velocity 
<f  rotatioD,  and  at  the  same  time,  whilst  it  is  sufficiently  positive 
^QBjielding  for  the  work  it  has  to  perform,  is  not  liable  to  break 
«e  rigidly  connected  parts  in  case  of  derangement.  For  medium 
^^ts  it  is  now  almost  universally  used  with  two  changes ;  the  other 
^^*^S^  in  the  action  of  the  mule  being  effected  without  its  intervention. 
This  the  two  former  systems  are  combined — namely,  that  system  in 
^uch  all  the  changes  were  made  by  the  cam  shaft,  and  that  in  which 
^  cam  shaft  was  used.  The  great  desiderata  are  reliability  and 
^dity ;  and  these  have  thus  been  attained  to  a  remarkable  extent, 
y^dmg  a  regularity  of  production  unknown  in  former  periods. 

^n^e  general  parts  of  the  mule  have  been  much  strengthened. 
^  shafts  now  revolve  at  as  high  an  average  speed  as  650 
i^Tolntions  per  minute,  driven  by  4  in.  and  4J  in,  belts.  The  pulley 
*^^g  15  in.  diameter,  or  3*92  feet  circumference,  this  gives  2,550 
^  per  minute  as  the  speed  of  the  belt ;  and  in  some  cases  it  is 
•^  ^gher  than  this. 

-^  hackiDg-ofE^  taking-in,  and  cam  friction-clutches  have  been 
^^B'fid  to  give  them  greater  controlling  power.     The  rods,  levers, 
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revolutions  per  minute,  witn  cops  on  tli< 
than  those  formerly  made. 

Mules,  as  machines,  now  work  ver 
quietly,  and  are  far  less  subject  to  stoppa] 
before ;  whilst  their  capacity  to  stand  the 
of  work  produced  is  very  much  greater. 

The  present  construction  may  be  ex] 
than  any  preyious  to  1866.  The  prodi 
1866  was  given  in  the  former  paper  as  i 
week,  but  some  of  the  best  mills  were 
The  present  production  of  a  modem  mill, 
per  week,  is  fully  27  honks  per  spindle  fo 
increase  of  at  least  3^  or  4  hanks  per  spi] 
reduction  in  the  time  worked  is  really  gre 
it  was  formerly  the  custom  to  clean  the 
had  stopped,  whereas  now  it  is  usual  to  cle 
The  actual  increase  is  equal  to  about  14 
account  the  reduction  of  time,  6*6  to  7 
production  is  equal  to  about  22  per  cent, 
yam  spun  has  improved  from  8  to  10  per  < 

The  size  or  length  of  mules  remain 
number  of  long  mules  now  working  has  vc 

The  number  of  workpeople  requir 
containing  say  2000  spindles  is  the  somt 
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*«6  great  velocity  now  g^ven  to  the  rim  shafts  has  caused  the 
*^«i»ib  of  spinning  mills  to  be  driven  very  much  more  quickly ; 
^KBfirJy  180  to  200  revolutions  per  minute  was  considered  a  good 
9m(  hni  with  quicker  rim  shafts  a  speed  of  240  to  250  revolutions 
fiNyvadsirable,  so  as  to  avoid  the  use  of  large  drums  on  the  lino 
it&Bf  and  also  of  large  drums  and  small  pulleys  on  the  counter- 
ifk  Nearly  all  mules  are  now  driven  by  counter-shafts. 
The  difBculty  of  obtaining  these  high  velocities  by  direct  driving 
B  led  to  the  introduction  of  belt  and  rope  driving  in  many  of  the 
ton  mills  recently  built ;  and  the  results  are  veiy  satisfactory,  a 
idior  motion  being  imparted  to  the  machines.  The  adoption  of  belt 
1  rope  driving  has  also  been  influenced  by  the  number  of  breakdowns 
the  mills  built  during  the  last  seven  years,  whore  gearing  was  used. 

•  doubt  the  greatly  increased  production  of  tho  machines  has  had 
dh  to  do  with  those  accidents.  Where  rope  or  strap  driving  ha& 
k  been  introduced,  cast-steel  wheels  have  been  generally  substituted 

*  the  broken  cast-iron  ones. 

For  spinning  yams  of  medium  fine  counts,  say  up  to  No.  90,  the 
if-acting  mule  has  now  almost  entirely  superseded  the  hand  mule. 
16  mule  just  described  is  used  for  the  purpose,  but  it  is  supplemented 
'  a  jacking  motion,  and  a  roller  delivery  motion.  The  work 
odnoed  is  excellent,  both  in  quality  and  in  quantity. 

Jacking  Motion, — This  continues  the  outward  run  of  the  mule 
niage  after  the  rollers  for  drawing  the  cotton  havo  ceased  to 
voire,  in  order  that  any  thick  places  occurring  in  the  yarn 
V  be  made  uniform  with  the  rest ;  its  effect  being  that,  wherever 
OB  is  a  thin  place  in  the  thread,  the  greater  portion  of  the  twist 
OS  ioto  that  part  first,  and  thereby  renders  it  more  difficult  to  be 
logated  than  the  thicker  parts,  which  are  thus  drawn  down. 
16  amount  of  jacking  introduced  varies  from  zero  to  4  or  5 
I  according  as  the  staple  of  cotton  to  be  spun  is  shorter  or 
ger,  the  longest  admitting  of  the  greatest  amount  of  jacking. 
rious  systems  have  been  applied  for  this  purpose,  but  that  known 
the  "sun  and  planet"  system  is  undoubtedly  tho  best,  as  the 
ppage  of  the  rollers  is  more  gradual  by  this  than  by  any  other. 
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Boiler  Delirery  Motion. — As  little  twist  as  possible  is  pat 
the  yarn  before  the  jacking  commences,  only  jast  sufficient  to  1 
the  fibres  united ;  therefore  a  groat  amount  has  to  bo  put  in  aftei 
rollers  have  stopped.  This  has  the  effect  of  tightening  the  yarn, 
unless  the  tension  is  reduced  the  yam  is  liable  to  break  befon 
required  amount  of  twist  has  been  put  in.  Formerly  it  was  costoi 
t«>  cause  the  carriage  to  move  inwards  a  little,  in  order  to  ease 
tension  of  the  yam  ;  this  had  the  desired  effect,  but  it  shortened 
stretch,  and  the  carriage  being  a  large  apparatus  was  difficnl 
regulate.  Now,  instead  of  moving  the  carriage,  the  rollers  are  i 
to  revolve,  and  to  deliver  a  small  quantity  of  roving  at  a  rate  n 
can  be  varied  at  will,  whilst  the  extra  twist  is  being  put  into  the  ; 
and  the  result  is  very  satisfactory.  This  apparatus  is  called 
"  roller  delivery  motion  whilst  jacking." 

It  is  also  customary  to  cause  the  rollers  to  deliver  a  little  fl 
during  the  inward  run  of  the  carriage,  whilst  the  spun  yu 
being  wound  on  the  spindles.  The  amount  varies  from  3  to  4  ui( 
consequently  a  mule  of  GO  inches  stretch  will  wind  on  the  spi 
at  each  stretch  about  G3  inches  of  yarn.  The  apparatus  for 
purpose  is  universally  used  when  spinning  long  stapled  cotton, 
the  spinning  is  greatly  improved  thereby.  Time  does  not  pf 
to  explain  this  more  fully,  or  to  enlarge  on  the  drawing  rdUe 
nnilcs,  and  the  varieties  of  spindles  suitable  for  theso  special  yii 

Mules  for  Finest  Counts. 

For  spinning  the  finest  counts  of  yam  the  hand  mulehts 
brought  to  great  perfection  ;  all  its  operations  being  now  antoo 
or  nearly  so.  The  "  spinner,*'  as  he  is  called,  has  only  to  snppl; 
little  power  required  to  control  some  of  the  motions.  This  he  ii 
to  do  easily,  even  when  the  mules  are  large ;  but  it  requires 
close  attention  on  his  part,  coupled  with  an  extremely  sensitive  t 
which  can  only  be  acquired  by  long  practice.  To  back  ofl^  wind 
lift  the  fallcr  at  the  termination  of  the  inward  run  of  the  caniti 
first-class  style,  demands  great  skill  on  the  part  of  the  operator. 
work  being  done  in  hot  rooms  increases  the  difficulty,  and 
almost  impossible  for  him  to  work  uniformly  from  morning  till  i 
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I  of  fiisi-class  ability  as  spinners  become  scarcer  year  by  year ; 
the  necessity  of  reducing  the  cost  of  spinning  has  called  special 
Qtion  to  the  question  of  making  this  mule  entirely  automatic. 
ing  the  last  25  years  many  patents  haye  been  taken  out,  and 
ly  schemes  haye  been  tried,  but  the  general  results  haye  been 
f  unsatisfactory ;  the  methods  were  generally  of  too  proyisional 
ancter. 

The  limits  of  this  paper  only  admit  a  description  of  one  system, 
ieh  has  been  extensiyely  adopted.  The  aim  of  the  inyentor  has 
a  to  imitate  the  action  of  the  hand  spinner  in  eyery  delicate 
nJ&OfBj  88  far  88  "  positiye  "  mechanism  could  be  made  ayailable. 

Deicription  of  the  Mule. — ^The  hand  spinner,  when  backing-off, 
DgB  the  winding  faller  down  upon  the  yam,  before  he  reyerses 
I  qiindles  so  as  to  uncoil  the  yam  from  them ;  and  the  moment 
)  ftller  touches  the  yam,  both  motions  act  together.    To  obtain  this 
nit  with  the  self-actor,  the  winding  faller  I  is  depressed  by  the  arm 
and  incline  T,  Fig.  14,  Plate  77,  just  before  the  carriage  G 
apices  its  outward  run.'  At  the  same  time  the  slack  in  the  backing- 
cludn  J,  caused  by  this  moyement,  is  taken  up  by  a  modification 
the  apparatus  used  for  regulating  the  bocking-off  chain,  in  the 
f-icting  mule  for  medium  counts,  as  preyiously  described.    The 
sking-off  snail  K,  chains  J  and  L,  and  bell-crank  leycr  M,  remain 
shown  in  Fig.  7,  Plate  74.    But  instead  of  the  tail  of  the  layer 
bearing  as  before  upon  the  sliding  incline  N,  it  is  here  made  to 
ur  upon  an  inclined  arm  U  hinged  to  a  stationary  bracket,  and  it 
ibe  free  extremity  of  this  arm  which  bears  upon  the  sliding  incline 
>  The  eleyation  of  the  arm  U  is  thus  gradually  increased  as  the 
dine  N  is  trayersed  inwards  by  the  copping-plate  connecting-rod 
80  that  it  may   give  the  exact  amount  of  tightening  motion 
qoired  for  the  backing-off  chain  J  at  each  stage  of  the  cop's 
ogress.    In  order  further  to  modify  the  backing-off,  so  that  it  may 
'  imted  to  the  form  of  the  spindles,  the  eccentric  pulley  Y  is 
boduced,  and  the  backing-off  chain  J  is  divided  into  two  half- 
igths :  the  upper  half  coils  upon  the  boss  of  the  pulley  Y,  while 
B  other  hkUf  attached  to  the  backing-off  snail  E,  coils  upon  the 
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occontric  rim.     The  depression  of  the  winding  fallcr  I  is  nniform  lU 
through  the  formation  of  the  set  of  cops ;  but  the  position  of  ^ 
locking  lever  E  and  its  parts  is  constantly  varying  within  smS^ 
limits,  and   the   compensation  required  to  meet  the  variationB  ^ 
provided  for  by  this  modification  of  the  motion  previously  describ*^^ 
By  these  means  a  very  delicate  action  in  the  backing-off  is  obtaii^^ 
The  finer  the  counts  of  yam  to  bo  spun,  the  slower  is  the  velocity 
the  spindles  when  backing  off. 

The  yam  having  been  backed  off  from  the  spindle,  and  the  bL- — 
I  locked,  it  is  now  necessary  to  wind  the  yam  on  the  cop,  beginm^ 
at  the  point  or  nose  and  winding  it  down  to  tho  base  of  the 
in  preparation  for  winding  upwards  again  from  the  base  of  the 
to  its  point.  A  special  apparatus  has  been  introduced  into 
quadrant  motion,  to  perform  this  operation  in  tho  fine^pinni^ 
mule.  It  must  be  explained  that  fine  yams  aro  generally  double 
after  being  spun ;  and  for  this  purpose  the  cop  is  mounted  ^ 
a  steel  skewer,  and  placed  in  the  creel  of  a  doubler,  in  a  slight^ 
inclined  position,  free  to  turn  in  the  creel  and  allow  the  yam  to  k:? 
uncoiled  from  the  skewer.  When  the  yaxii  is  unwinding  from  the 
small  part  of  the  cop  down  to  its  full  diameter,  the  action  goes  on  a1/ 
right,  because  there  are  many  turns  of  yam  to  nncoil,  and  the  cop 
gradually  turns  on  its  axis  more  slowly  as  the  diameter  inereasei. 
About  50  inches  of  yarn  are  tmcoiled  by  the  time  the  full  ^^ifnivyter 
is  reached ;  but  in  uncoiling  the  next  10  inches  of  yam  there  is  a 
rapid  increase  in  the  speed  of  the  cop,  in  consequence  of  Totaming 
so  quickly  in  a  few  coils  from  the  full  diameter  to  the  small  diameter 
at  the  nose  of  the  cop.  This  causes  the  cop  to  be  jerked  round  too 
quickly :  it  then  overruns  itself  and  is  very  liable  to  break  the  yam. 
Tho  hand  spinner  can  regulate  the  number  of  coils  at  pleasore. 
and  in  practice  it  is  found  that  about  6  coils  in  the  height  of  the 
cone  are  sufficient  to  prevent  the  cop  from  being  jerked  round  too 
quickly  when  afterwards  unwinding  in  the  donbler ;  bat  to  obtain 
this  result  by  self-acting  means  is  very  difficulty  and  only  one 
solution  has  been  found  for  it. 

The  quadrant  motion,  as  originally  used,  is  capable  of  giving  an 
Accolorating  motiou  only;  but  the  tmo  reqniranenti  of  the 


CT.  1880.  COTTON  BPIKNINO   MAGHINEBT.  519 

lemmd  that  the  motion  ahall  be  first  a  diminishing  and  then  an 
ifieektatmg  one,  because  the  winding  in  each  stretch  commences  on 
ko  smallest  diameter,  then  winds  down  to  the  largest  diameter  or  base 
d  file  cone,  and  then  upwards  again  with  close  coils  to  the  smallest 
iinDeter  or  nose.  In  practice  howeyer  this  has  never  been  folly 
■ttdnod.  It  is  found  that  by  the  yielding  of  the  counter  faller  a 
aoBpromise  is  made  between  the  demands  of  the  small  and  large 
fiuneters,  when  winding  down  to  the  base  of  the  cone ;  and  as  this 
ji  only  the  initial  stage  of  the  winding,  no  harm  is  done,  because 
tee  is  compensation  enough  in  the  rest  of  the  winding,  which  is 
Indited  to  suit  the  exact  requirements  of  each  stretch.  But  by 
As  ordinary  arrangement  of  quadrant,  after  the  cop  has  attained  its 
M  diameter  it  is  impossible  to  wind  more  than  4]^  coils  of  yam  on 
Aa^indley  during  the  time  it  is  winding  from  the  point  of  the  cop  down 
Id  the  base  of  the  cone.  The  front  incline  of  the  copping  rail  A, 
If.  7,  has  been  lengthened  to  15  in.  and  in  some  cases  to  18  in.  (the 
iieliDation  being  diminished  so  as  to  preserve  the  some  absolute  rise  in 
Ae  longer  incline),  under  the  impression  that  a  greater  length  of  yam 
would  thereby  be  wound  on  the  spindles  during  the  putting  down  of 
fto  winding  faller.  It  is  not  from  this  however  that  the  defect  arises ; 
Wt  amply  from  the  want  of  a  sufi&cient  number  of  turns  in  the 
findlea.  If  a  long  incline  is  used,  the  result  is  simply  that  the 
oonler  faller  rises  very  high  and  takes  up  the  slack  yam  which 
tNi|^t  to  have  been  coiled  on  the  spindles ;  but  when  the  spindles 
Meive  the  necessary  amount  of  motion  it  is  found  that  10  or  12 
ttdni  length  of  incline  is  sufficient  for  enabling  6  or  7  turns  of  yam 
tokecxiled  on  the  spindles  during  the  putting  down  of  the  fisdler. 

The  quadrant  is  governed  by  a  grooved  rope-drum  U,  Fig.  9, 
«hto  75,  on  the  quadrant  shaft,  this  drum  receiving  its  motion  from 
^iiavel  of  the  carriage  O.  Ordinarily  the  drum  is  a  concentric 
Qlinder,  so  that  if  the  motion  of  the  carriage  is  uniform,  the  rotation 
^tiie  quadrant  shaft  is  uniform,  and  the  angular  motion  of  the 
imdiaiit  is  uniform  also.  If^  at  the  commencement  of  the  inward 
'On  of  the  carriage,  the  relative  speed  of  the  quadrant,  in  the  same 
^^'^Bction,  be  reduced,  it  is  evident  that  more  of  the  chain  F  will  be 
^^iled  from  the  winding-on  drum  H,  and  more  motion  will  be  given 


be  coiled  on  tliem  iluriog  tlie  putting  d 
By  tlic  time  tlic  Ifirgu  diameter  of  tLe  » 
to  UQCoil  from  the  cylindrical  part  of 
modification  of  tlie  wioding  motion  tabes 
cornea  into  operation.  When  onoe  adji 
required  from  the  apinner.  Old  apinna 
to  attain  tliia  nsolt  by  antomatio  moaoB 

To  enable  the  comitcr  foller  to  act  i 
yam,  its  ehoft  is  now  mounted  on  ant 
found  to  work  advantageonsly.  The  1 
yam  on  the  oop  without  moving  the  co 
already  explained  this  ia  impoaaible  i: 
faller  playing  a  very  important  part  in  1 

Special  arrang^nents  are  used  in  thi 
faller  and  counter  fidier,  and  in  the  p 
relative  to  the  niuding  faller  ;  hut  these 

The  Winding-Faller  Ltfling  Motion.- 
at  the  termination  of  its  inward  run,  it  if 
faller,  and  then  to  coil  the  remainder  d 
bare  Bpindlo,  preparatory  to  conmtenoiii 
outward  run.     This  ia  the  moat  importai 
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tbe  rollers,  varies  with  the  counts  spun,  within  well  defined  limits ; 
tk  finer  the  counts,  the  greater  the  inclination  of  the  spindles  to  the 
lollera,  and  the  more  obtuse  therefore  the  angle  made  by  the  spindle  and 
tiuBsd  jnst  at  the  commencement  of  the  outward  run  of  the  carriage. 

The  winding  on  of  the  yam  during  the  run-in  of  the  carriage 
squires  to  be  regulated  so  that  at  the  end  of  the  run-in  just 
officient  yam  is  left  to  coil  on  the  bare  tops  of  the  spindles,  without 
Ither  stretching  the  yam,  or  leaving  it  slack  to  run  into  snarls, 
liis  is  the  problem  to  solve.  The  spinner,  having  regulated  the 
inding  during  the  run-in,  so  that  the  proper  amount  of  yam  was 
•ft  to  coil  on  the  bare  spindle,  brought  the  carriage  to  a  standstill, 
id  then  alowly  lifted  the  winding  faller,  while  at  the  same  time  he 
^gulated  the  winding  so  that  the  yam  was  coiled  on  the  taper 
>indk8.  As  soon  as  the  faller  was  free  from  the  yam,  he  allowed 
le  carriage  to  start  on  its  outward  run  for  another  stretch.  He 
arformed  these  operations  with  more  or  less  rapidity  according  to 
\e  counts  to  be  spun.  On  the  medium  counts  the  movements 
^Uow  each  other  with  almost  the  same  rapidity  and  regularity  as 
1  the  ordinary  self-acting  mule ;  but  as  the  counts  become  finer, 
le  division  of  the  operations  becomes  more  marked  and  deliberate. 
*lu8  is  especially  so  in  the  "  Box  Organ  Hand  Mule,"  in  which  the 
piiming  does  not  commence  until  it  is  set  in  motion,  after  the 
C3mpletion  of  the  fSedler  lifting.  The  momentum  of  the  various 
vts  is  completely  under  the  control  of  the  spinner,  and  is 
*xactically  destroyed. 

In  ordinary  self-actors  the  unlocking  of  the  faller  takes  place 
Luring  the  run-in  of  the  carriage,  but  at  as  late  a  period  as  possible. 
Die  carriage,  when  near  the  termination  of  its  inward  run,  brings 
•1w  end  of  the  locking  lever  in  contact  with  the  fixed  unlocking 
^ncket^  and  forces  the  locking  lever  out  of  contact  with  the  copping 
?^  of  the  mule.  After  the  faller  is  thus  unlocked,  the  copping  rail 
Ub  no  further  control  over  it. 

It  will  be  understood  from  the  preceding  explanation  that  the 
udocking  must  be  completed  before  the  termination  of  the  inward 
*un  of  the  carriage.  In  determining  how  late  it  is  safe  to  unlock 
he  faller,  allowance  has  to  be  made  for  the  variations  in  the  speed 


entirely   eliminated.      Tlio  result    is   that 
unwouml  than  is  reciuiretl  for  coiling  on  the 
In  the  apparatus  shown  in  Fig.  15,  P] 
effected  in  the  following  way.    Instead  of  ' 
being  a  fixture,  as  ordinarily  used,  it  is  here  i 
which  is  hinged  to  the  weighted  bell-crank  1 
throw  the  stop  A  forwards  into  the  positic 
arrangements  are  made  for  restoring  this 
position,  shown  dotted,  after  it  has  imlockec 
position  for  unlocking,  as  shown  dotted^  it  i 
also  of  bell-crank  shape;  this  catch  is  lilx 
striking  against  its  tail  at  the  proper  tin: 
termination  of  the  inward  run.     The  lo< 
connected  parts  remain  as  usual.    The  unlo 
as  shown  dotted,  so  that  the  carriage  can 
stops  without    unlocking  the  fedler;    but 
directly  forces  the  unlocking.   On  the  carria 
which  holds  back  the  unlocking  stop  A,  th( 
and  throws  the  stop  forwards  against  the  tai 
and  thus  unlocks  it  just  as  the  carriage  c 
By  setting  the  catch  C  to  be  liberated  soonei 
the  fallcr  can  be  unlocked  at  the  proper  : 
found  that  the  rollers  and  carriage  motioni 
another  stretch,  before  the  feJler  I  has  lifte 


■ 
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paired  by  tho  spindles  daring  the  run-in  of  the  carriage,  the  faller 
^^ire  being  raised  quickly  out  of  the  way  by  the  lifting  springs 
The  results  are  very  irregular ;  sometimes  snarls  are  wound  on,  and 
iometimes  the  yam  is  stretched,  or  "  cut "  as  it  is  called.  In  the 
aamgements  illustrated  in  Fig  15,  Plate  78,  the  tin  roller  K  which 
dri?es  the  spindles  S  is  connected  with  the  fedler  shaft  J  positively, 
by  a  train  of  gearing,  so  that  the  tin  roller  controls  the  motion  of  the 
jUler  during  its  rise.  The  relatiye  motions  of  the  tin  roller  and 
idler  are  not  always  the  same.  The  motion  of  the  tin  roller  being 
immed  as  uniform,  the  motion  imparted  to  the  spindles  will  be 
mifbrm  also ;  but  in  order  that  the  yam  may  be  guided  so  as  to  coil 
inoely  on  the  bare  spindle  above  the  cop,  it  is  obvious  that  the  faller 
ym  must  rise  most  quickly  when  winding  on  the  largest  diameter  of 
^bdle^  and  the  rate  of  rising  must  gradually  diminish  as  the  spindle 
deenases  in  diameter  towards  the  top,  thus  producing  a  tapering 
ipinl  of  yam  on  the  spindle.  To  obtain  this  result  a  pair  of  volut 
ulieels  are  employed,  which  convert  the  uniform  motion  of  the  tin 
niDer  K  into  a  variable  motion  of  the  faller  shaft  J. 

This  connection  of  the  tin  roller  and  faller  shaft  must  however  be 
OQatiiiued  only  during  the  lift  of  the  fiedler ;  because  the  tin  roller, 
Int  Bet  in  motion  to  turn  the  spindles  for  lifting  the  faller,  continues 
tt  notion  during  the  whole  of  the  outward  run  and  until  the  backing- 
<tf  tikes  place ;  whereas  the  faller  must  stop  rising  almost  immediately 
^  biB  coiled  the  yam  up  to  the  top  of  the  bare  spindle. 

The  following  is  accordingly  the  mode  of  action.  A  hollow  friction 

«>De  D,  Fig.  16,  Plate  78,  is  keyed  fast  on  the  shaft  of  the  tin 

'oiler  K.    Loose  on  the  same  shaft  is  a  solid  friction  cone,  covered  as 

^^ittl  with  leather,  and  capable  of  being  slid  along  the  shaft  into  and 

oii  of  gggr  ^^  the  feist  cone.    Cast  to  the  loose  cone  is  a  pinion  J, 

Wtting  into  the  carrier  wheel  E  and  having  a  deep  flange  cast  on  its 

^^  end ;  its  teeth  are  also  wider  than  the  teeth  of  the  carrier  wheel 

^  to  allow  of  its  sliding  far  enough  for  disengaging  the  loose  cono 

Atfei  the  &8t  one.    On  the  outer  side  of  the  carrier-wheel  rim  is  cast 

t&  indined  cheek  T,  capable  of  bearing  against  the  inside  of  the  flange 

Ml  the  pinion  J  and  so  drawing  tho  loose  cone  out  of  gear.    This 

pmaa  has  also  a  groove  cut  into  its  boss,  into  which  fits  the  fork 

2  B  2 
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of  the  eDgaging  leyer  F,  weigbted  with  a  ooanterweiglity  which  al^~«ay 

tends  to  slide  the  loose  cone  into  contact  with  the  fust  one,  andL    » 

engage  them  together.    Now  it  will  be  obvious  that  the  lifting  mo'fcio 

should    be  brought  into  action  immediately  the    faller  has 

unlocked.    If  it  were  put  into  action  too  soon,  one  motion 

be  acting  against  the  other,  and  a  breakdown  would  be  the  rea' 

and  if  too  kte  it  would  be  useless.    To  ensure  both  motions  worl 

in  harmony,  the  unlocking  of  the  faller  is  made  to  liberate       ti 

weighted  engaging  lever  F,  and  thus  allow  it  to  put  the  friction  c-^=>ni 

into  gear.    This  is  accompliahed  by  means  of  the  connecting-roc3i  I 

which  forms  a  lock  for  the  end  of  the  connecting-rod  L,  the  l^&tte 

being  coupled  to  the  weigl^ted  engaging  lever  F.     The  two  rods  v^vnori 

at  right  angles  to  each  other.    On  the  unlocking  of  the  fidler  a^  tb 

cud  of  the  inward  run,  the  connecting-rod  H,  which  is  worked  £roD 

the  faller  lever  B,  is  palled  forwards  in  the  direction  of  the  arxt>« 

until  it  releases  the  stud  on  the  other  oonnecting-rod  L,  and    ^ 

liberates  this  rod  and  the  weighted  lever  F,  which  at  once  throws  ^ 

friction  cones  into  gear.     As  soon  as  the  friction  cones  are  in  gT^' 

the  faller  I  begins  to  be  lifted,  motion  being  communicated  to  i'^ 

the  proper  ratio  from  the  tin-roller  shaft  E  by  the  volute  arcs  ^  ' 

By  the  time  the  fEdler  is  lifted  clear  of  the  yam  and  its  work  A^?^ 

the  inclined  cheek  T  on  the  side  of  the  carrier  wheel  £  has  begiE^^ 

bear  against  the  flange  of  the  pinion  J,  and,  forcing  it  outwards  b^ 

wedge  action,  draws  the  friction  cones  asunder,  and  thus  severs     ^ 

motion  frx>m  the  tin  roller  to  the  faller.    This  action  is  a  '^^ 

beautiful  one. 

Self-stopping  couplings  to  the  cam  shaft  are  common,  but  tS*^ 
stop  during  less  than  a  revolution  of  the  shaft  For  the  atK^ 
purpose  the  stopping  must  be  effected  anywhere  betiroen  a  part  ^ 
revolution  and  throe  revolutions  or  more :  no  two  draws  are  al^l 
since,  as  the  cop  is  built  up,  less  and  leas  of  the  qundle  is  left  b^ 
and  therefore  the  faller  has  to  be  lifted  less,  and  the  lifting  moti 
must  be  disengaged  earlier.  By  setting  the  inclined  dimrngajf*^ 
cheek  T  of  the  carrier- wheel  £  so  that  the  diaengagemeDt  takes  pl^ 
immediately  the  faller  has  risen  dear  of  the  yam,  it  is  always  m^ 
The  arc  through  which  the  £dler  hae  to  be  lifted  is  comparative^ 
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BAj  abont  80^  when  beginniDg  a  set  of  cops,  and  becomes 
Qjless  nntil  it  is  only  about  80°  on  the  completion  of  the  cops, 
en  the  spindles  are  backing  ofif^  the  putting  down  of  the 
I  fiJler  by  the  backing-off  chain  reverses  the  train  of  gearing, 
loyes  the  inclined  disengaging  cheek  of  the  carrier-wheel  E 
mtact  with  the  flange  of  the  pinion  J.  This  action  would  allow 
ction  cones  to  be  thrown  into  gear  again  by  the  weighted 
\  if  not  preyented  by  a  stop  M,  Fig.  15,  which  holds  up  the 
'.  The  carriage '6,  when  near  the  termination  of  its  outward 
ings  a  part  of  the  lerer  F  against  the  stop  so  as  to  be  held 
The  greater  the  arc  of  motion  of  the  faller  during  the  backing 
greater  is  the  motion  of  the  carrier-wheel  £,  the  further  is 
ined  cheek  T  upon  it  removed  from  the  flange  of  the  pinion  J, 
B  more  revolutions  are  made  by  the  pinion.  Whether  the 
'.  moves  through  a  large  or  small  arc  therefore,  it  is  always 
}d  from  the  control  of  the  tin  roller  at  the  proper  time.  The 
operation  occupies  only  about  one  second.  It  is  the  short 
Uowed  which  forms  one  of  the  difficulties  of  this  difficult 

Q. 

estop  M,  Fig.  15,  which  keeps  the  friction  cones  D  out  of  gear 
the  backing  ofi^  keeps  them  so  until  the  lock  B  of  the  faller, 
the  connecting-rod  H  inwards,  locks  the  connecting-rod  L, 
ained  before,  and  so  holds  up  the  weighted  engaging  lever  F. 

other  important  feature  of  this  operation  is  the  speed  at  which 
rts  are  allowed  to  work.  The  speed  of  the  spindles,  at  the 
ation  of  the  inward  run,  is  too  quick  to  allow  of  the  use  of  the 
e  gearing  already  described,  as  it  is  found  impossible  to  engage 
rts  sufficiently  quickly.  This  difficulty  is  further  increased  by 
ndles  being  quickened  to  the  spinning  speed  directly  the  carriage 
9  its  inward  run  ;  for  it  is  impossible  to  rely  on  the  momentum 
spindles  for  continuing  their  rotation  during  the  lifting  of  the 
the  results  being  too  variable.  To  overcome  this  difficulty, 
ra  driving  belt,  called  the  "  taking-in  "  belt,  is  used  for  driving 
f-acting  pulley  ;  this  belt  has  generally  about  half  the  speed 
main  rimHshaft  belt,  both  belts  working  on  pulleys  of  the  same 
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diameter  on  the  rim-sliaft.    Fig.   17,  Plate  77,  is  a  plan  w 
headstock  carrying  the  main  driving  or  rim-shaft  B.     Tbe 
driving  belt  runs  on  the  fast  pnlley  A  and  loose  pnlley  B,  )frhile(^ 
D  are  the  fast  and  loose  pulleys  for  the  slower  belt;  both 
receive  their  motion  as  usual  from  the  counter-shaft  S,  Fig.  18. 

The  cam  shaft  has  three  changes  in  this  mule.    When  the  carr 

is  making  its  outward  run,  the  quick  belt  is  on  its  fast  puUey  A, 

the  slow  belt  is  on  its  loose  pulley  D.    At  the  proper  time  the 

shaft  makes  its  first  change,  the  rollers  are  stopped,  and  when 

prox)cr  amount  of  twist  has  been  put  into  the  yam,  the  twist  mc 

disengages  the  catch  which  holds  the  quick  belt  on  the  fast  pallc 

and  allows  a  spring  to  shift  it  on  to  the  loose  pulley  B.    This  allowi 

backing-o£f  to  take  place  in  the  usual  way ;  after  which  the  carria^ 

caused  to  make  its  inward  run,  and  just  before  the  termination  can 

the  cam  shaft  to  moke  a  second  change,  and  shifts  the  slow  taking 

belt  on  to  its  fast  pulley  C,  whereby  the  rim-wheel  W  is  then  drii 

at  a  comparatively  slow  rate.     It  is  whilst  this  slower  speed  has  I 

control  of  the  mule  that  the  lifting  apparatus  does  its  work.   T 

slower  belt  when  first  shifted  to  its  fast  pulley  acts  as  a  kind 

brake  on  the  momentum  of  the  rim  shaft  £,  and  can  be  relied  op 

to  give  the  same  retardation  in  every  stretch.     Wben  the  windi 

fallcr  has  lifted  nearly  clear  of  the  yam,  a  finger  on  it  comes 

contact  with  the  cam  shaft  escapement,  and  allows  the  cam  shift 

make  a  third  change,  which  shifts  the  slow  belt  back  from  its  £ 

pulley  G  to  its  loose  pulley  D,  and  then  shifts  the  quick  belt  on 

its  fast  pulley  A,  causing  the  spinning  to  go  on  at  the  proper  spe 

So  rapidly  is  the  whole  operation  performed  that  it  is  impossiUfl 

see  the  change  in  speed  from  the  slow  to  the  quick  belt,  though 

course  it  is  easy  to  see  the  movement  of  the  belts  from  one  puUe] 

the  other.     The  slower  the  operation,  the  more  perfectly  is  it  do 

but   it  is   found  to  be  well  done  with  spindles  running  at  1, 

revolutions  per  minute. 

During  the  outward  run  of  the  carriage  the  various  parts 
replaced  in  their  proper  position  for  effecting  these  operations. 

An  apparatus  is  also  used  by  which  the  winding  fidler,  dn 
the  time  it  is  being  lifted,  is  enabled  to  govern  tbe  ooimter  i 
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^^  a  manner  that  the  counter  faller  is  free  to  take  up  the  slack 
^  ^  any,  made  daring  the  rise  of  the  winding  faller,  and  is 
^^•^^  below  the  yam,  as  nsual,  before  the  spinning  commences 

^^ble  speed  "  motions  are  still  used  for  the  finest  counts :  bnt 
.  ^^^  element  wonld  render  the  previons  explanation  more  complex, 
^  been  pniposely  omitted. 


Bing  Sjpinning, 

*^  cenclosion,  it  is  necessary  to  allude  to  the  question  of  Bing 
vPittiing.  Of  late  years  considerable  attention  has  been  given  to 
^  subject,  and  many  machines  for  the  purpose  have  been  set  to 
^'i^  in  this  and  other  countries.  In  America  it  has  long  been  in 
^  The  best  type  of  spindle  in  these  machines  is  the  outcome  of 
^iBerican  experience,  the  most  popular  being  the  *'  Babboth  ^  and 
•Booth  Sawyer." 

Bing  spinning  has  generally  been  substituted  hitherto  for  fly 
wiQstle  scanning,  to  which  it  is  more  closely  allied ;  but  in  some 
BiieB  it  is  competing  with  mule  spinning,  although  to  a  yery  limited 
BKient  on  account  of  its  winding  on  wood  bobbins.  It  is  only 
loiftable  for  medium  counts,  and  requires  good  cotton  to  give  the 
^  results.  It  produces  a  stronger  yam  than  the  mule,  but  not  so 
i^tong  as  the  throstle ;  nor  is  it  so  universal  in  its  application  as 
'be  latter.  Further  experience  is  necessary  before  it  will  be  safe  to 
^  what  is  the  proper  position  of  the  ring-spinning  throstle  in  the 
eeoDomy  of  the  cotton  trade.  At  present  opinions  differ  very  much 
ladeed  on  the  question ;  and  as  to  durability  there  are  no  data  from 
tldch  comparisons  can  be  made  with  other  competing  machines. 

The  writer  has  now  only  to  express  his  great  indebtedness  to 
Er.  John  Dodd,  of  the  firm  of  Messrs.  Flatt  Brothers  and  Co.,  for 
e  preparation  of  this  paper,  and  to  the  same  firm  for  the  drawings. 
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The  Pbisident  proposed  a  hearty  vote  of  tbanks  tc 
Spenoer  for  his  elaborate  and  excellent  paper;  and  also  f( 
important  series  of  drawings,  wHch  would  all  be  carefully  reprc 
in  the  Proceedings,  and  would  give  very  valuable  information 
members.  He  had  thought,  with  regard  to  an  industry  li] 
cotton  manufacture,  occupying  as  it  did  hundreds  of  thousa: 
hands,  that  it  would  be  a  reproach  to  the  Institution  if  the  mc 
had  not  the  best  and  latest  information  on  the  subject ;  he  had 
to  headquarters  for  it,  and  the  Institution  had  now  been  su 
with  the  information  in  the  most  liberal  manner  by  Mr.  Spence: 
the  assistance  of  Messrs.  Piatt  Brothers. 

Mr.  Spengsb  said  he  had  only  to  add  that  in  preparing  the 
he  had  had  the  assistance  of  several  other  gentlemen ;  and  hai 
obliged  to  rely  on  them  to  some  extent,  as  he  had  himself  been  sox 
out  of  health  during  the  past  year,  so  that  a  great  portion 
paper  was  not  really  his  own.  He  had  howeyer  done  his  ' 
compiling  it,  and  he  was  glad  it  had  received  approval ;  but 
sure  the  meeting  would  include  these  gentlemen  also  in  the 
thanks. 

The  vote  of  thanks  was  passed  unanimously. 


The  following  paper  was  then  read : — 
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ON   IMPLEMENTS  AND  MACHINERY 
FOB   CULTIVATING  LAND  BY  HORSE-POWER. 


By  Mb.  W.  R.  BOUSFIELD,  op  London. 


The  operations  of  agricalture,  so  far  as  they  come  within  the 
pfOTinoe  of  the  mechanical  engineer^  may  be  roughly  diyided  into 
four  gronpe  as  follows : — 

1.  The  preparation  of  the  land. 

2.  The  sowing  of  seed,  &c. 

3.  The  harvesting  of  the  orops.^ 

4.  The  preparation  of  the  crops  for  consumption. 

The  writer  proposes  to  consider  in  this  paper  the  operations 
xnclnded  in  the  first  of  those  groups,  so  far  as  they  are  effected  by 
implements  or  machinery  worked  by  horses ;  and  to  discuss  the 
ooDstmctioi^  of  these  implements  and  machines,  and  the  conditions 
to  be  fnlfilled  by  them  for  the  most  efficient  performance  of  their 
work. 

In  order  that  the  surface  of  the  ground  may  be  brought  into,  and 
maintained  in,  a  condition  of  fertility  for  the  production  of  cultiyated 
crops,  it  must  be  properly  drained,  must  bo  periodically  stirred  and 
tamed  over,  so  that  every  part  of  the  soil  to  a  certain  depth  may  be 
exposed  to  atmospheric  influences,  must  be  reduced  to  a  finely  divided 
and  porons  state,  so  that  the  rootlets  of  the  plants  may  have  free 
scope,  and  must  be  from  time  to  time  manured,  to  compeosate  for  the 
ezhanstiTe  effect  of  the  crops  produced. 
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We  haTC  therefore  to  consider : — 

1.  ImplementB  for  drainage. 

2.  Plonglis. 

3.  Colti^^ators. 

4.  Harrows. 

5.  Boilers  and  Clod  Cmshers. 

6.  Manure  distribntors. 

1.  Imfleunts  fob  Dbaimags. 

The  importance  of  a  thorongh  system  of  snrfsM^  drainage 
but  lately  b^on  to  be  mdyersally  recognised.  In  relation  to  pa 
soils  the  subject  is  of  less  moment ;  but,  with  heavy  clay  It 
the  different  proportions  of  the  rainfeJl  which  pass  off  by  pn 
drains,  or  by  percolation  through  the  underlying  strata,  or 
evaporation,  are  of  the  utmost  importance.  Stagnation  of  water 
only  renders  the  operations  of  husbandry  more  difficult,  boi 
absolutely  fatal  to  many  crops.  Besides  this,  the  loss  of  heit 
to  an  excessive  quantity  of  moisture  passing  off  by  evaporatuH 
highly  prejudiciaL  In  climates  such  as  our  own,  on  the  supponi 
that  one  fourth  of  the  whole  rainfall  passes  off  by  evaporation  iosl 
of  by  proper  drains,  there  is  a  loss  of  energy  over  a  given  i 
of  clay  land  sufficient  to  plough  it  several  times ;  and  no  doobi 
important  part  of  the  heat  thus  abstracted  would,  if  the  land  i 
properly  drained,  appear  as  potential  energy  in  the  shape  cf  v 
and  grain. 

Yarious  attempts  have  been  made  by  the  mechanical  eDgii 
to  assist  the  agriculturist  in  the  matter  of  drainage.  TheB 
practically  efficient  implement  is  the  Subsoil  plough,  by  menu 
which  the  ground  is  stirred  to  a  depth  of  from  one  to  two  6et  U 
that  at  which  it  is  usually  cultivated. 

When  the  land  is  drained  by  means  of  a  system  of  pipai  1 
at  a  depth  of  from  two  to  four  feet,  the  subsoilor  is  of  0 
value  in  opening  out  a  connection  between  the  drain  and 
surface.  Perhaps  the  best  plan  of  subsoiling  by  horse  power  ii 
remove  the  right-hand  body  of  an  ordinary  douMe-farrow  pbi 
and  to  substitute  for  it  a  strong  tine,  working  at  the  requisile  dflf 
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dow  the  bottom  of  the  furrow.  With  this  plan  the  gronnd  is  not 
rodden  by  the  horses  after  the  snbsoiler  has  done  its  work,  but 
I  immediately  covered  over  by  the  next  furrow  slice.  According 
>  the  method  of  subsoiling  generally  adopted,  the  subsoiler  is 
iomited  as  a  separate  implement  following  in  the  wake  of  the 
!dinaiy  plough ;  but  this  system  is  attended  with  the  disadvantage 
'  employing  two  sets  of  men  and  horses,  besides  which  the  pan 
'  the  furrow  is  twice  trodden  by  the  team,  once  before  the  action 
'  the  subsoiler,  and  once  after,  when  the  plough  comes  round  again. 

Besides  the  subsoil  plough,  which,  strictly  speaking  is  only  an 
□dliary  to  the  work  of  drainage,  special  draining  ploughs  have 
tea  made  and  used  to  some  extent;   the  object  aimed  at  being 

eat  a  channel  of  some  kind  through  which  drainage  may  take 
iaoe,  or  in  which  drain-tiles  may  be  laid.  The  oldest  of  these  is 
le  Hole  plough,  which  consists  of  a  solid  cylinder  of  iron,  pointed 
i  the  front  end,  and  attached  by  means  of  a  deep  frame  to  a  strong 
Mm.  The  cylinder  or  mole,  being  drawn  through  the  earth  at  a 
Bpth  of  from  12  to  20  inches,  leaves  behind  it  a  channel 
ommunicating  with  the  surface  by  a  narrow  opening.  A  series  of 
ben  channels  is  connected  by  a  master  drain  running  transversely. 
Thfb  mole  plough  can  only  be  used  to  advantage  on  stiff  clay  lands ; 
bI  even  on  these  the  channels  formed  by  it  are  not  very  lasting, 
ur  is  the  system  of  drainage  very  e£&cient.  An  attempt  was  made, 
IMD7  years  ago,  to  render  the  channels  so  formed  permanent,  by 
MHuing  the  mole  to  draw  after  it  into  the  bore  which  it  formed  a  series 
ildtiin  tiles  strung  on  a  wire  rope,  which  was  afterwards  withdrawn, 
rhe  machine  was  worked  by  two  horses  through  a  windlass,*  and  was 
B^iUeof  adjustment  to  avoid  the  inequalities  of  level  in  the  work,  due 
^&B  mieven  surface  of  the  ground ;  but  the  apparatus  seems  to  be  of 
^limited  application.  In  fact  the  field  for  drainage  implements  is 
to  limited,  that  no  great  amount  of  ingenuity  has  been  expended  on 
^  production.  Nevertheless  an  implement  which  would  open  out 
'  bleach  from  two  to  four  feet  in  depth  for  the  reception  of  ordinary 
'^  tiles,  in  such  a  manner  as  to  compete  with  hand  labour,  would 

•  See  Mr.  J.  Fowler's  Paper,  Proceedings  1857,  p.  57. 
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be  of  great  advantage  for  clay  land  free  from  stones.  Ur.  HacEwen, 
of  Blackdnb,  attempted  to  solve  the  problem  by  means  of  two  plongbs, 
having  the  cutting  parts  and  breast  of  the  requisite  form.  The  fini 
plough  was  intended  to  cut  out  the  slice  to  half  the  required  depth; 
the  second  to  complete  the  trench*  An  attempt  has  also  been  nnde 
to  achieve  the  object  in  view  by  means  of  a  revolving  disc  canTiag 
a  series  of  cutting  scoops,  but  the  writer  believes  that  it  yfVi 
unsuccessfuL    The  problem  still  waits  for  a  practical  solution. 

2.  Ploughs. 

Leaving  the  question  of  subsoiling  and  drainage,  we  p^ 
on  to  consider  the  implement  which  is  the  most  important  of  al 
to  the  farmer — the  Plough.  The  history  of  the  early  developmen 
of  the  plough  is  a  matter  of  archaeological  rather  than  of  mechanica 
interest,  and  has  been  treated  of  by  Mr.  W.  Waller  in  a  paper  re* 
before  the  Institution  (Proceedings,  1867,  p.  41*).  We  proceed  i 
once  to  the  consideration  of  the  implement  in  its  modem  fonnB) 
illustrated  in  Plate  80. 

Although  the  general  features  of  the  plough  are  the  same 
all  kinds  of  work  and  in  all  localities,  yet  the  details  of  oonstni< 
are  subject  to  numerous  modifications,  according  to  the  nato^ 
the  work  required  to  be  done,  and  to  the  custom  or  requirei^ 
of  the  district  for  which  the  plough  is  intended.  The  essentiiU' 
the  plough  are,  the  beam  B,  Fig.  6,  the  cutting  and  turning  % 
of  the  implement,  the  head  H  at  the  front  end,  through  whioli^ 
draught  is  taken,  and  the  handle  or  handles  at  the  other  eoM 
means  of  which  the  implement  is  controlled. 

The  beam  and  handles  together  constitute  a  framework^  w 
must  be  proportioned  so  as  to  give  to  the  ploughman  the  reqifl 
command  over  the  implement,  and  must  possess  sufficient  rigi 
to  withstand  the  longitudinal  and  torsional  strains  to  which  i 

*  The  writer  has  lately  seen,  at  the  Boman  Villa  which  hai  reoently 
unearthed  at  Brading  in  the  Isle  of  Wight,  a  moeaic  repreaentation  of  a  pi 
haying  the  form  of  a  pointed  cylinder  attached  to  a  hooked  handkui 
implement  being  about  four  feet  long  and  held  in  the  hand ;  this,  be  beli 
has  not  previooaly  been  de9ci\>»^ 
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objeeted.  When  the  motion  of  the  plough  is  steady,  the  chief 
llains  tend  to  stretch  the  beam  and  to  bend  it  upwards.  By  means 
tf  tin  draught-chain  the  draught  may  be,  and  is  by  some  makers, 
tdem  directly  from  the  body,  the  head  exercising  only  a  directive 
hfciBnee,  and  thus  the  beam  is  relieved  from  the  tensional  strain. 
Bsi  the  advantage  of  the  draught-chain  is  doubtful ;  as  a  beam  which 
ii  strong  enough  to  resist  the  bending  strains  and  those  brought  into 
^7  in  turning  at  the  headland,  will  be  sufficiently  strong  to  bear 
in  addition  the  tensional  strain.  There  seems  to  be  no  good  reason 
therefore  why  the  draught  should  not  be  taken  directly  from  the 
kad  in  every  case. 

The  handles  must  be  sufficiently  rigid  to  withstand  an  upward 
«  downward  pressure  or  a  twisting  strain  from  the  ploughman, 
ciAer  in  the  work  of  the  implement  or  in  turning  at  the  headland. 
Their  height  above  the  bottom  of  the  furrow  should  be  adapted 
btiie  stature  of  the  ploughman,  and  their  length  to  the  nature  of 
ike  work  for  which  the  plough  is  intended. 

''The  head  stands  to  the  plough  in  the  same  relation  as  the 

nUer  to  a  ship."    By  means  of  it  the  point  of  application  of  the 

fanght  may  be  adjusted,  both  vertically  and  laterally,  so  that  the 

ikagh  may  be  even  and  steady  in  its  motion,  without  any  tendency 

^  ran  into  or  out  of  the  land,  the  guiding  work  of  the  ploughman 

oneised  through  the  handles  being  thus  reduced  to  a  minimum. 

Wbere  no  draught-chain  is  used,  the  head  usuaUy  consists  of  a 

^Gsl  bar,  called  the  hake,  carrying  a  series  of  notches  by  means 

tf  wUeh  the  vertical  adjustment  may  be  given,  and  capable  of  being 

noTod  about  a  vertical  axis,  and  fixed  in   any  position  upon  a 

iorixontal  sector  of  a  circle,  so  as  to  give  the  lateral  adjustment. 

VlierB  the  draught-chain  is  used,  a  rod  which  can  slide  vertically, 

ftttying  an  eye  through  which  the  draught-chain  passes,  takes  the 

jdioe  of  the  hake.     In  some  of  the  most  improved  ploughs  the 

hienl  adjustment  is  given  with  great  nicety  by  means  of  a  transverse 

leiew,  working  through  a  block  which  carries  the  hake.     This  nicety 

m  of  considerable  importance,  as  a  very  small  alteration  in  the 

[izeeiionof  the  draught  gives  the  plough  a  tendency  to  swerve  from 

he  straight  line. 
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The  framework  coDBtitated  by  the  beam  and  handles  is  BofaBtai^! 
the  same  for  all  kinds  of  work ;  but  the  cutting  and  tnxiimg  putK 
the  implement  are  necessarily  modified  to  snit  the  nature  of  ihfitt 
and  the  reqnirements  of  the  agricnltnrist  The  furrow  slice  is  c 
horixontaUy  from  the  subjacent  land  by  means  of  the  Bhaze 
Fig.  6,  and  vertically  from  the  adjacent  soil  by  means  of  1 
coulter  G ;  and  when  cut  is  turned  over  by  the  breast  or  mouldbo 
M.  The  coulter  is  fixed  upon  the  front  part  of  the  beam ;  thfi  ih 
and  breast  are  carried  by  the  frame,  which  is  fastened  to  the  hin 
part  of  the  beam.  The  yertical  pressure  of  the  plough  upon 
ground  is  token  by  the  sole-plate  P,  which  is  fixed  to  the  unden 
of  the  frame ;  and  the  side  pressure  of  the  plough  upon  the  Ink 
taken  by  the  side-plate  L,  which  is  attached  to  the  side  of  the  its 
The  frame  with  its  attachments  constitutes  the  "body"  of 
plough,  and  the  character  of  the  implement  depends  upon  this  ] 
of  it 

The  share  S,  Fig.  6,  is  usually  of  cast  iron,  of  a  triangular  fo 
and  is  fixed  to  the  frame  by  means  of  a  socket,  and  secured  by  ft ; 
or  hook.  The  share  has  not  only  to  cut  the  underside  of  the  sli 
but  to  give  the  slice  a  certain  twist,  and  also  to  commenoe  to  ton 
over.  Its  upper  surface  must  be  a  continuation  of  the  sweep  of 
breast,  and  its  under  surface  is  usually  hollowed  out  so  as  to  ren 
the  cutting  edge  more  acute.  The  ordinary  length  of  the  shtn 
about  10  inches,  and  the  width  somewhat  less  than  the  width 
the  slice,  so  that  the  slice  is  not  entirely  cut  from  the  groi 
beneath.  If  the  share  is  of  a  width  sufficient  to  out  the  il 
completely,  the  slice  is  apt  to  be  pushed  aside  by  the  lateral  ihi 
of  the  front  part  of  the  breast,  and  partially  broken,  instead  of  be 
uniformly  turned  over ;  but  by  leaving  a  narrow  strip  uneat^  a  kti 
resistance  is  provided  which  prevents  this. 

For  paring  turf  or  stubble  a  broad  steel  share  about  15  inn 
wide  is  used ;  and  for  very  strong  land  the  share  tenninales : 
long  and  narrow  point,  which  finds  its  way  between  the  atones 
gradually  pushes    them  aside,  thus  diminishing  the  ahook  w 
would  be  caused  by  a  short  point  meeting  a  heavy  stone. 
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k  aUght  **  pitch  "  is  nsnally  given  to  the  share ;  that  is,  the  point 
indined  downwards,  in  order  that  the  share  may  have  no 
kncj  to  nm  ont  of  the  land   and  diminish  the  depth  of  the 

[!he  front  part  or  neck  of  the  frame,  on  which  the  socket  of  the 
)  is  fitted,  is  sometimes  for  economy  made  solid ;  hut  in  the 
improyed  ploughs  the  share  is  fixed  to  the  end  of  a  lever,  called 
efer-neek,  which  admits  of  a  slight  motion  ahout  a  horizontal 
so  that  the  pitch  of  the  share  may  be  adjusted, 
i  is  most  important  that  the  cutting  edge  of  the  share  should  be 
ihaip,  otherwise  the  draught  of  the  implement  will  be  materially 
ised.  This  object  is  efiected  by  the  method  of  chilling  cast* 
ihaies,  which  was  introduced  by  the  late  Mr.  Bobert  Bansome  of 
[oh  in  the  year  1803.  The  under  surface  of  the  share  is  chilled 
sting,  and  thereby  rendered  extremely  hard,  whilst  the  upper 
oe  remains  comparatively  soft;  the  effect  being  that  the  soft 
r  surface  of  the  share  wears  back  from  the  hard  tmder  surfEKse, 
ii  therefore  always  presents  a  sharp  cutting  edge. 

lie  coulter  C,  Fig.  6,  is  usually  in  the  form  of  a  heavy  knife- 
I,  terminatiDg  in  a  rectangular  or  cylindrical  shaft,  by  means  of 
ii  it  is  attached  to  the  beam.  The  form  of  the  beam  and  the 
«  of  the  attachment  must  be  such  as  to  admit  of  the  coulter 
I  mi  at  the  particular  angle  with  the  vertical  which  is  required 
le  nature  of  the  soil.  When  the  coulter-shaft  is  cylindrical,  the 
Qg  edge  of  the  coulter  should  be  as  near  to,  and  the  back  of  the 
)  as  iu  behind,  the  axis  of  the  cylindrical  part  as  possible ;  so 
&e  direction  of  the  resultant  resistance  of  the  earth  on  either 
of  the  blade  may  pass  behind  the  axis,  and  consequently  the 
er  may  have  no  tendency  to  turn  round  its  axis, 
he  sharpness  of  the  coulter  is  as  important  as  that  of  the  share, 
lay  be  secured  by  similar  means.  The  coulter  being  of  wrought 
its  land  side  may  be  laid  with  steel  and  hardened ;  and  thus  the 
lal  wear  will,  as  in  the  case  of  the  share,  preserve  a  sharp  edge. 
liere  the  soil  is  of  a  peaty  or  fibrous  texture  and  free  from 
^  aa  in  the  fen  districts,  a  skeith  or  disc  coulter,  consisting  of  a 
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thin  steel  disc  with  a  sharp  catting  edge,  which  can  rotate  ^^ 
transverse  horizontal  axis,  is  used  in  preference  to  a  knife  cojUit 

Leaving  the  cutting  parts  of  the  plough,  we  proceed  to  cm 
the  breast  or  mouldboard  M,  Fig.  6,  by  means  of  which  the  fis 
slice  is  turned  over :  the  form  of  which  has  been,  and  still  ii 
fruitful  subject  for  discussion.  The  nature  of  the  work  done  dfip( 
almost  entirely  upon  the  shape  of  the  breast,  which  must  be  adt; 
to  the  style  of  ploughing  that  is  required.  In  England  the  preru 
style  differs  from  that  of  most  other  countries.  The  usual  pm 
on  the  continent  is  to  break  up  the  furrow  slice  as  much  as  poa 
at  the  same  time  turning  in  the  old  surface  and  the  weeds  as  &r 
consistent  with  this ;  the  result  being  that  the  work  done  is  sii 
in  character  to  that  which  would  result  from  digging  by  hand. 
England,  on  the  other  hand,  the  practice  is  to  cover  completel; 
weeds  and  the  old  surface,  and  to  expose  a  fresh  surface,  but  H 
same  time  to  leave  the  furrow  slice  in  an  unbroken  conditioa 
may  be  doubted  whether  the  English  style  is  the  best;  bal 
discussion  of  this  question  belongs  rather  to  the  farmer  thi 
the  engineer,  who  must  supply  the  farmer  with  an  implement  n 
will  meet  his  view  of  the  case. 

The  question  as  to  whether  the  solid  English  furrow  slice  sh 
be  rectangular  or  trapezoidal  has  been  elaborately  discussed; 
though  the  trapezoidal  form  is  still  adopted  in  many  looalititf 
weight  of  opinion  is  greatly  in  favour  of  the  rectangular  sei 
In  ploughing  at  a  given  depth,  the  draught  for  a  high-crested  fa 
is  said  to  be  greater,  while  the  weight  of  earth  turned  is 
with  the  trapezoidal  than  with  the  rectangular  section,  and 
practical  result  upon  the  crops  has  been  found  by  careful  triab  1 
inferior.  The  Boyal  Agricultural  Society  has  laid  down  i 
standard  of  excellence  '^  That  the  plough  should  cut  the  flole  c 
furrow  perfectly  flat,  leave  the  land  side  clear  and  troey  and  la 
furrow  slices  with  uniformity,  with  perpendicular  cat  of  fhe 
side." 

In  considering  the  rectangular  form  of  farrow  alioe,  ihe  que 
arises  as  to  the  angle  at  which  the  slice  should  be  laid  (iduah  i 
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'^^iiQioes  the  proportions  of  breadth  to  width  in  the  slice)  in  order 
^  the  resnlt  may  be  most  beneficial  Where  seed  is  to  be  sown 
''C^ideast,  it  is  important  that  the  sides  of  the  furrow  should  be 
QiIIj  inclined,  so  that  the  seed  may  roll  to  the  bottom  of  the 
wm;  but  for  most  purposes  the  equal  inclination  of  the  sides  of 
>  farrow  is  a  matter  of  little  importance. 

As  aU  the  slices  must  be  laid  in  parallel  positions,  it  will  be  seen 
n  Fig.  1,  Plate  79,  that,  when  the  thickness  or  depth  A  B  and  the 
ioation  D  A  E  of  the  sod  are  given,  the  width  is  at  once 
omined,  and  is  equal  to  A  K  or  B  F,  where  B  F  is  a  horizontal 
drawn  through  B  to  meet  AD.  If  D 6  be  the  vertical  distance 
3  from  the  line  A  E,  then,  since  B  F  A  and  DAG  are  similar 
ogles,  and  the  width  B  F  =  D  A,  therefore  the  depth  B  A  =  D  G. 
kce  wo  may  note  that,  whatever  the  width  or  inclination  of  the 
d  may  be,  the  bottoms  of  the  troughs  between  the  ridges  are 
ftjB  on  a  level  with  the  original  surface  of  the  ground;  and 
refore,  if  seed  be  sown  broadcast,  the  level  to  which  the  seed  falls 
die  ploughed  land  coincides  with  the  original  surface. 
Suppose  that  the  ground  is  required  to  bo  ploughed  to  a  given 
lOi  a,  and  let  t  be  the  inclination  of  the  sod  to  the  bottom  of  the 
(ow;  then 

Width  of  slice  AD  =     " 


sin  t 

Exposed  surfEM^  of  slice  per  unit  of  )  ... 

[    =  sm  I  +  cos  I 
area  of  field  .         .         .         .J 

Height  through  which  centre  of  gravitv  ] 

r  .    °  °        '     J    =  i  a  cos  2 

of  slice  18  raised  .         .         .         .    j 

we  proceed  on  the  supposition  that  the  best  form  of  furrow  slice 
ttiit  which  exposes  the  greatest  amount  of  surface,  we  have  this 
XMed  surface  a  maximum  when  sin  t  =  cos  i,  that  is,  when  i  =  45°. 
ii  is  the  angle  which  is  generally  regarded  as  the  most 
'Vitsgeous. 

It  may  however  be  argued  with  justice  that  the  best  form  of 
^  is  that  which  exposes  the  land  most  to  the  combined 
^^tegiating  effects  of  the  air  and  moisture ;  and  that  this  result  will 

2  s 
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be  attamed  when  the  whole  mass  of  hmd  turned  (not  merely  the 
contained  in  the  ridges)  is  most  raised  aboye  its  original  poei 
For  since  the  whole  land  mnst  settle  down  to  its  former  level  n 
the  action  of  the  harrow  and  the  weather,  and  since  this  settlei 
involves  the  breaking  and  crashing  of  the  slice,  attended  with 
admission  of  air  into  the  crevices,  it  follows  that  the  amooo 
this  settling  action  should  be  the  greatest  that  can  be  produ 
This  result  will  be  attained  when  the  centre  of  j'gravity  of  the  e 
turned  over  is  as  high  as  possible. 

The  height  through  which  the  centre  of  gravity  of  the  whole 
moved  is  raised  by  the  plough  being  j^  a  cos  t,  we  see  that 
elevation  of  tho  centre  of  gravity  due  to  ploughing  increases  as 
angle  at  which  the  slice  is  [laid  diminishes,  and  therefore  u 
proportional  width  of  the  slice  increases.  From  this  point  of 
therefore  it  will  be  advantageous  to  increase  the  width  of  tho  fii 
slice,  though  of  course  there  is  a  practical  limit  beyond  whicli 
cannot  be  done.  For  very  many  ^purposes  however  the  widi 
the  slice  might  be  twice  its  depth,  in  which  case  the  ang 
inclination  of  the  slice  is  30"^  instead  of  45°.  The  following ' 
gives  the  comparative  results  for  the  angles  of  45"^  and  30^  :— 


Depth  of  slice '        6    in. 

Width  of  slice i         8i   „ 

Surface  exposed  per  eq.  foot  of  field     .  i  203  sq.  io 
Height  through  which  the  centre  of  ; 

gravity  is  raised     .         .         .         .        2*12  in. 


6  in. 
196  sq.  in. 
2*60  in. 


. 


Hence  it  appears  that  by  laying  the  slice  at  an  angle  of  80°  in 
of  at  an  angle*  of  45*^,  we  have  only  3^  per  cent,  less  of  new  m 
exposed,  whilst  the  whole  mass  of  soil  turned  is  raised  23^  per  ( 
higher.  This  result  is  of  course  independent  of  the  depth  ol 
ploughing,  so  long  as  the  proportions  of  the  furrow  slice  axe  piesa 
Hence  it  would  seem  that  whilst  one  desideratum  of  ploD^hii 
the  exposure  of  new  surface — ^is  still  attained  to  almosl  tbe  i 
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tixi,  m    attain    Bnother    desideratum — the    pulvorisatioa    aad 
^tegntios  of  the  eftrth — to  a  much  greater  eitont, 

A  congidorable  eaviitg  in  time  and  labour  would  result  from  iho 
•iiptioa  of  these  proportions  of  furrow  slice— namely  the  width 
hice  the  depth — wherever  it  may  be  practicable.  In  ploughing  at 
ii^Oi  of  6  inches  on  a  heavy  soil  we  may  take  the  olemeuts  of  the 
in^t  to  bo  roBghly  divided  as  follows  :~30  per  cent,  due  to  the 
friction  reenlting  &om  the  weight  of  the  implement,  50  per  cant,  due 
b  tlie  cutting  of  Hie  slice,  and  the  remaining  20  per  cent,  dne  to 
In  tnming  of  it.  The  widths  of  furrow  slice  under  consideration — 
«i»ly  SJ  and  12  in.— arc  in  the  proportion  of  70  to  100.  Henee, 
Apposing  the  implement  to  travel  at  the  some  speed  in  both  cases, 
«Oper  cenL  of  time  will  be  saved,  9  per  ceut.  of  draught  by  the 
fimioished  loss  of  energy  due  to  friction,  and  G  per  cent,  of  dranght 
^  the  laving  in  the  vertical  cut.  That  is  to  say,  there  la  a  eaviiig 
of  30  per  cent,  in  time,  and  15  per  cent,  in  labour. 


Asemning  that  the  furrow  slice  is  to  bo  turned  over  in  as  solid 
lud  unbroken  a  state  as  possible,  we  have  to  give  to  the  breast 
Ibe  form  which  shall  do  this  in  the  best  manner  and  n-ith  the  least 
biQght.  To  leave  the  furrow  in  an  unbroken  state,  the  action  of 
in  breast  upon  it  must  bo  as  gradnal  and  uniform  as  possible, 
ind  the  length  of  the  breast  must  tbcroforo  be  considerable.  For 
" nutdi-plonghing "  a  breast  from  4  to  5  feet  in  length  is  used; 
for  OTdinoiy  work  &oni  S  to  4  feet  is  the  nsnal  length.  Where  it 
u  dcdred,  as  in  Norfolk  ploughing,  to  leave  the  ground  in  a  more 
^ken  state,  a  breast  of  about  2  ft.  6  in.  in  length,  and  of  a  cross 
f&Oi  concave  to  the  slice,  is  used.  In  ploughing  wet  cloy  lands  the 
tfl  tdhetes  to  a  long  breast,  aad  forms  a  thin  layer  over  it,  which 
™oiidy  increases  the  dranght.  A  short  breast  must  therefore  bo 
iKd,  the  effect  of  which  is  that  the  action  of  the  breast  being 
^'ACBDtrated,  as  it  were,  over  a  less  extent  of  surface,  the  pressure 
^Hmen  the  slice  and  the  breast  is  sufficient  to  keep  the  surface  clean. 
Tbe  practice  of  makers  as  to  the  twist  of  the  breast  varies 
Mlsderably;  some  give  a  tmiform  twist,  others  a  twist  gradually 
I  from  the  share  to  a  point  nearly  midway  in  the  length 
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cousidor  tlio  nature  of  tins  surface. 

Let  A  B  C  D,  Fig.  2,  Plato  79,  repress 
Bection  of  a  farrow  slice,  G  being  the  cent 
During  the  first  period  the  section  is  tc 
and  the  centre  of  gravity  rises  until  the 
During  the  second  period  the  slice  still  ti 
on  its  side  A  D^  in  a  vertical  position,  a 
meantime  falling.  During  the  third  peri< 
point  Di,  and  the  centre  of  grayify  again 
becomes  vertical.  Lastly,  during  the  f 
gravity  is  falling,  and  the  section  turns  i 
its  final  position,  and  rests  upon  the  slic 
be  seen  that  the  respective  angles  throng] 
during  each  of  these  periods  depend  upon  t 
slice :  the  first  two  periods  however  alwaj 
turning,  and  the  last  two  the  remainder  of 
be  divided  longitudinally  into  four  portioi 
four  periods,  the  length  of  each  part,  in  i 
proportioned  to  the  angle  of  turn  during  1 

The  true  form  of  the  breast  for  the 
minimum  of  draught  involves  a  problem 
of  any  but  a  very  approximate,  and  practi 
determination.     The   problem    is   oompli 
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ulimtioii  would  bring  the  section  into  the  position  AB3C3D3, 
Itereas  the  tnie  position  is  A^B^CjDp  Hence  the  form  of  the 
iee,  firom  the  point  where  its  section  is  vertical,  is  obtained 
f  a  twist  abont  A,  combined  with  a  rectilinear  displacement  of 
reiy  intermediate  section,  sufficient  to  bring  its  lower  edge  D3  into 
IS  line  through  D^  at  right  angles  to  the  plane  of  the  section.  If 
le  slice  conld  be  treated  as  an  elastic  body,  a  practical  approximation 
» the  form  of  snr&ce  required  would  be  obtained  by  laying  a  slice  of 
Dme  elastic  material  on  a  horizontal  plane  and  twisting  it  into  the 
Bqmred  position,  and  then  finding  the  projections  of  the  surface  so 
bteined  and  its  generating  lines :  and  perhaps  the  form  thus  found 
night  be  practically  useful.  The  furrow  slice  is  not  however  an 
Utttic  body,  and  therefore  the  only  reliable  final  criterion  of  the 
saet  form  for  the  surface  of  the  breast  must  be  arrived  at  by 
mmerous  experiments  with  trial  forms  in  the  field. 

It  is  found  that  the  best  practical  form  of  breast  differs  but 
ittle  from  the  fundamental  form,  namely  a  surface  generated  by 
Mght  lines  and  giving  the  slice  a  uniform  rotation  proportional 
b  the  distance  traversed  along  the  length  of  the  breast.  Taking 
k width  of  the  breast  as  everywhere  the  same,  and  equal  to  the  width 
tf  the  furrow  slice,  the  surface  of  our  fundamental  form  of  breast 
>iU  be  generated  by  a  straight  line  of  length  equal  to  the  width  of 
tttt  furrow  slice,  moving  uniformly  at  right  angles  to  two  parallel 
kviiontal  axes  at  a  distance  apart  equal  to  the  depth  of  the  furrow 
diee,  and  at  the  same  time  turning  uniformly  about  one  or  other 
^  these  axes.  For  the  first  two  divisions  in  the  length  of  the  breast 
k  extremity  of  the  generating  line  passes  through  the  first  axis ; 
^  the  last  two  divisions  of  the  breast  the  generating  line  moves  at  a 
'oitgisiit  distance  from  the  second  axis  equal  to  the  depth  of  the 
^ft(fw  slice.  The  projections  of  this  fundamental  form  of  breast  on 
^^  planes  at  right  angles  may  be  easily  obtained.  The  angle  through 
^h  the  slice  is  turned  being  divided  into  a  convenient  number 
^  equal  small  angles,  Fig.  3,  Plate  79,  the  length  AF  which 
I  fixed  on  for  the  breast  must  be  divided  in  a  series  of  points 
^  the  same  number  of  equal  parts,  and  perpendiculars  must  be 
^wn   from  these    points    to    meet  lines   parallel   to  A  F  from 
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the  extremity  of  the  generating  line  at  each  angle.  A  series 
points  on  the  outlines  of  the  projections  is  thus  found,  and  1 
cnrres  drawn  through  these  points  will  give  the  outlines.  We  i 
that  the  surface  of  the  breast  for  the  first  two  divisions,  %.e,  up 
the  point  B^  where  the  generating  line  is  vertical,  is  a  true  heli 
or  screw  surface ;  whilst  the  surface  for  the  last  two  divisions  fr 
B^  to  Bj  is  a  helicoidal  surface  of  a  distinct  and  separate  characi 
These  two  surfaces  are  however  quite  continuous  (using  the  W( 
in  its  non>mathematical  sense),  since  they  meet  in  the  same  verti 
generating  line,  though  the  upper  edge  of  the  breast  at  B^ 
not  a  continuous  curve. 

Let  us  now  consider  the  variations  which  this  fondamontal  fc 
must  undergo  for  practical  purposes. 

(I.)  In  the  form  adopted  by  the  principal  makers,  the  twist  of 
breast  gradually  diminishes  from  a  line  near  the  vertical  generat 
line  A  B^ ;  hence,  in  setting  out  our  projections,  the  spaces  i 
which  the  lengths  A  F  are  divided,  corresponding  to  the  equal  an^ 
into  which  the  twist  is  divided,  must  gradually  increase  towards 
extremity  F  of  the  line. 

(n.)  In  order  that  there  may  be  no  tendency  in  the  breast  top 
the  slice  laterally  aside  in  the  operation  of  turning,  the  bearing 
the  breast  on  the  slice  must  not  be  uniform  over  the  whole  surfi 
If  it  were  so,  the  resnltimt  pressure  on  any  section  A  B  C  D,  Fig 
would  act  at  the  point  E  through  the  centre  of  gravity  of 
section,  and  would  tend  to  lift  the  section  bodily :  thus  relieving 
pressure  at  the  point  A,  and  tending  to  push  the  slice  aside,  anj 
the  same  time  to  break  and  distort  it     The  resultant  pressure  of 
breast  must  therefore  pass  through  some  point  L  sufficiently  beyond 
to  prevent  these  results ;  and  a  distance  3  L  equal  to  about  a  fiMi 
A  B  is  found  to  be  the  best.    Oar  fundamental  form  must  therefore 
farther  modified  by  taking,  throughout  the  first  two  divisions  of  \ 
length,  a  curved  generating  line  convex  to  the  slioe,  and  having 
greatest  convexity  at  about  one-fifth  the  width  of  the  slioe  from 
upper  edge.     The  convexity  of  the  generating  line  may  gndal 
l)ecome  loss  during  the  third  division  of  the  breaaty  and  disappc 
daring  the  fourth  division. 
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[t  is  essential  to  good  plonghing  that  the  slice  should  be 
me  to  its  place  upon  the  one  previously  laid ;  especially 
seed  is  to  be  sown  broadcast,  and  woxdd  Ml  through  any 
;  between  the  slices  into  the  hollow  beneath.  This  end 
tained  either  by  giving  the  last  division  of  the  breUst  a 
x>wards  the  slice,  so  as  to  bring  some  additional  pressure  to 
;  or  by  prolonging  the  surface  of  the  breast  for  an  inch  or 

tail  end,  with  the  same  twist  as  the  preceding  surface, 
B  breast  shall  terminate  in  a  generating  line  making  an 

the  ground  slightly  more  acute  than  the  angle  at  which 
s  to  be  laid.  The  result  in  either  case  will  be  to  bring 
pressure  to  bear  on  the  slice,  and  so  to  press  it  home, 
rhe  projections  of  the  fundamental  form  are  those  of  a  breast 
^ual  in  width  in  every  part  to  the  furrow  slice.  There  is 
>  need  that  this  should  be  so ;  indeed,  for  soil  that  will  hold 
he  breast  may  take  the  form  of  a  narrow  strip  at  a  distance 
ae-fifth  the  width  of  the  slice  from  the  upper  edge  of  the 
ftl  form,  the  rest  of  the  breast  ^being  entirely  cut  away. 
3  would  fall  to  pieces  if  turned  by  such  a  breast ;  but 
may  in  all  cases  be  diminished  to  some  extent.  Hence 
9  of  the  fundamental  form  may  be  cut  and  trimmed,  to 
iicefiil  and  continuous  contour,  as  well  as  to  diminish  the 
the  breast. 

L  the  fundamental  form  the  front  line  &A  of  the  breast, 
»uld  be  the  cutting  edge,  and  the  slice  after  passing  this 
.  receive  the  whole  of  its  twist.  In  practice  this  cutting 
bher  with  the  front  part  of  the  breast,  has  to  be  replaced 
ure,  of  which  the  front  or  cutting  [edge  h  H  must  lie  in 
ital  plane  through  A  F,  and  is  therefore  out  of  the  surface 
ast.  Hence  the  form  of  the  surface  towards  the  front 
ghtly  changed,  so  that  it  may  sweep  into  the  line  h  H. 

are  the  chief  modifications  which  must  be  made  in  the 
il  form  of  the  breast  in  order  to  render  it  best  adapted  for 
•om  the  foregoing  considerations  it  will  be  seen  that  any 
form  of  breast  can  be  perfectly  adapted  only  to  one 
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particular  size  of  farrow  slice.      The  first  two  divisioiii 

surface,  that  is  the  front   part  of  the  breast  np  to  the 

generating  line  A  B,  may  indeed  be  the  same  for  a  ooni 

range  of  variation  in  the  width  and  depth  of  the  slice ;  the 

divisions  however  depend  on  the  particular  dimensions  i 

Hence  the  suggestion  presents  itself  that  for  plonghs  for 

purposes,  intended  to  work  at  any  depth  from  4  to  9  or  IC 

the  breast  might  be  made  in  two  parts  meeting  on  the 

generating  line,  so  that   the  tail   part  might   be  varied 

different  depths  and  widths,  or  different  styles  of  work.    In 

of  this,  the  question  arises  as  to  what  is  the  best  form  for 

which   is  intended  to  be  used  at  different   depths.      It  1 

thought   that   the   form  adopted   should  be  that  which  g 

lightest  draught  in  deep  ploughing;  but  since  the  draughl 

turning  is  the  smallest  element  in  the  total  draught,  this  is 

the  consideration  of  greatest  importance.     It  is  of  more  im 

that  the  work  should  be  effectively  done,  and  especially  that 

should  be  pressed  home  to  its  place.    It  will  be  seen  from 

Plate  79,    where    ABCD,   AEFG    represent  similar  t 

different    depths,    in    the    vertical    position,    and    a&cD, 

represent  the  final  positions  of  those  slices^  that,  since  the 

D  E  between  D  c  and  G  //  is  less  than  the  difference  D  0 

the  depths  of  the  slices,  the  final  position  ef  of  the  surfao 

shallower  slice  is  lower  than  the  final  position  a  6  of  th< 

slice.    Hence  if  the  shallower  slice  were  ploughed  with 

adapted  to  the  deeper  work,  there  would  be  no  pressure  on  \ 

from  the  tail  of  the  breast,  and  consequently  it  would  not  be 

home.     It  would  therefore  seem  better  to  adapt  the  ploug 

a  depth  of  5  or  6  inches,  which  would  give  an  extra  pressa 

when  ploughing  at  a  greater  depth.     The  extra  pressure 

in  practice  by  means  of  a  set-screw  at  the  tail  of  the  breast 

varying  the  adjustment  of  the  tail  by  this  means  the  whola 

is  necessarily  shifted  from  its  true  position. 

Hitherto  we  have  considered  the  form  of  the  breast  with  i 
solely  to  the  work  to  be  performed  by  it,  and  without  lefeien 
draught  of  the  plough.    As  before  stated,  the  draught  dm 
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lit  is  genenJlj  but  a  small  part  of  the  total  draught,  and  hcnco 
I  point  is  of  less  importance,  especially  as  the  nature  of  the  work 
le  is  always  the  paramount  consideration.  It  is  generally  found 
rererthat  the  breast  which  does  the  most  satisfactory  work  takes 

letst  draught.  Experiment  has  shown  that  an  increase  in  the 
Ijth  of  the  breast  decreases  the  draught  to  a  small  extent,  as 
;ht  haye  been  anticipated ;  whilst  the  convexity  of  the  breast 
lids  the  slice  causes  a  further  decrease.  The  frictional  work 
A  is  proportional  to  the  product  of  the  friction  and  the  spaco 
rened.  The  length  of  the  line  of  maximum  pressure,  traced  on 
fundamental  form  at  a  constant  distance  from  the  edge,  increases 
he  line  is  taken  further  from  the  axis  A  F,  Fig.  3  ;  but  the  pressure 
I  the  consequent  friction  diminish  in  a  much  greater  ratio,  owing  to 

increase  of  leverage.  Hence  it  is  an  advantage  in  point  of 
nght  to  have  this  line  of  maximum  pressure  {i,e,  line  of  greatest 
vezity)  as- near  the  outer  edge  of  the  breast  as  is  practicable, 
bowever  it  be  taken  too  near,  the  slice  would  be  broken ;  and 
108  the  distance  of  one-fifth  from  the  edge  is  about  the  best  as 
irds  draught  Again,  the  less  the  torsion  to  which  the  slice  is 
jeeted,  the  less  the  draught;  but  this  exercises  only  a  minuto 
ueuoe  on  the  result.  Hence  the  general  conclusion  is  that  the 
n  of  the  breast  is  to  be  determined  with  reference  to  the  quality 
the  work,  rather  than  to  the  power  required  to  do  it.  Our  efforts 
diminish  the  draught  must  be  chiefly  directed  to  the  other  parts 
the  implement. 

The  best  material  for  the  breast  is  steel.  Cast  iron  is  perhaps 
ve  often  used,  for  the  sake  of  economy,  and  works  well  on  a  dry 
1;  but  steel,  being  more  durable  and  capable  of  taking  a  much 
Br  poliahy  is  to  be  preferred,  especially  for  adhesive  soils. 

The  essential  parts  of  the  plough  which  wo  have  still  to 
ution  are  the  frame,  the  solo-plate,  and  the  side-plate.  The  framo 
isually  of  cast  iron,  of  a  form  adapted  to  the  attachment  of  tho 
brent  members  of  the  body  ;  and,  in  common  with  all  other  parts 
he  plough,  should  be  as  light  as  is  consistent  with  strength.  Tho 
>-plate  P,  Fig.  6,  Plate  80,  is  made  of  hard  cast  iron ;  its  bottom 
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taoc£=  3  ««e  izT  K^  tiaft  botlT  < 
02=iiei.  3[r.  SsIInsn.  ii 
t  fijT  1543.  kIU  k  tkal  -  It  ic  o 
a  baekwi  awiitK«  teat  dtoae  te 
I'loa^&s.  ««  w>«-  e»tl ;~  bet.  de^te  tb 
Eiei^boviv  is  &iv4ir  of  the  swing  ploi 
ebeadUr  aaiii  its  nj.  emt  in  ScotlAad. 
«ie  cnnniMRilT  bkiI  :  if  ooIt  one,  it  ran 
if  tm.  then  tne  mos  oa  tt«  land  and  th 
The  cuIt  proper  cSc«  of  wbe«Is  ic 
ploo^i,  br  kseming  tLe  e&ct  of  &a 
utd  to  the  TajTing  natme  of  the  scmI, 
tendencT  <rf  the  ploagfa  to  pitch  is  to  i 
more  land,  in  aiiT  too^ber  loil  which  I 
office  of  the  wheels  is  often  enpeiadded 
the  regnlation  «f  the  depth  of  the  fanom 
mnst  be  adjoEtable  to  the  required  de 
furrow  should  dcteimioe  the  depth  of 
The  implement  ehonld  be  so  set,  ]tj  i 
pitch  of  the  share,  as  to  work  u  s  ewi 
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•^1  the  essential  parts  of  an  ordinary  plough  have  now  been 

^^idere<L    It  remains  in  the  next  place  to  enquire  what  are  the 

foices  which  act  on  the  plough  when  at  work ;  to  attempt  to  analyse 

^  complex  elements  of  the  draught,  and  to  consider  some  of  the 

BfiiDS  by  which  these  elements  may  be  severally  lessened.    We  have 

tboD  to  consider  the  advantages  arising  from  the  use  of  multiple- 

ftirow  ploughs ;  and  finally  to  notice  shortly  some  other  kinds  of 

fbnghs,  and  the  remaining  implements  which  were  enumerated  at 

the  beginning  as  suitable  for   cultivating   land   by  horse-power. 

This  part  of  the  subject  must  however  be  reserved  for  another 

oooBion. 


Discussion, 

lb,  Bousfuld  asked  permission  to  call   attention  to  several 

^'^ens  of  ploughs,  kindly  sent  by  throe  different  makers.    Some 

^'the  observations  made  in  the  paper  might  seem  to  describe  parts 

^  the  plough  which  were  too  well  known  to  need  description ;  but 

^  would  really  be  seen  to  be  necessary,  in  order  to  connect  the 

^^'km  divisions    of   the    subject.      On    the    other    hand,    many 

^i^i^iiderable  variations  in  the  mode  of  making  ploughs  had  not  been 

'^^rtieed,  because  he  had  not  looked  at  the  subject  so  much  from  the 

V^  of  view  of  construction,  and  had  only  considered  those  variations 

uform  which  made  some  practical  difference  in  the  doing  of  the 

wiork.    Those  variations  were  illustrated  by  the  different  forms  of 

plough  body  now  exhibited.    The  first  (Plate  80,  Figs.  6  and  7)  was 
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a  new  fonu  recently  brouglit  out  by  Messrs.  Howard,  of  Bedford,  a 
called  the  Simplex  Plongh.  The  beam  of  this  plough  was  T  shap 
in  section,  to  secure  lateral  strength ;  and  was  curved  downwai 
towards  the  share,  to  receive  a  pair  of  cheeks,  which  embraced 
leaving  a  space  between  the  cheeks  for  receiving  a  lever  neck, 
the  outer  end  of  which  the  share  was  fitted.  The  next  (Fig. 
was  a  body  sent  by  Messrs.  Ransomes  Sims  and  Head,  of  Ipswi( 
There  was  a  cast  or  wrought  iron  body  introduced  into  the  mid< 
of  the  beam,  which  was  forked  for  the  purpose,  and  thus  formed 
truss,  which  gave  considerable  rigidity  to  the  working  parts  of  1 
plough,  especially  to  the  coulter,  and  enabled  the  beam  to  bear  gr 
torsional  strain.  The  third  (Figs.  9  and  10)  was  from  Messrs.  Homsl 
of  Grantham ;  the  frame  was  here  in  one  piece  with  the  beam,  be 
being  forged  together.  The  fourth,  also  from  Messrs.  Homsby,  v 
adapted  for  match-ploughing ;  and  not,  like  the  third,  for  Lancash 
work.  He  had  received  a  letter  from  Mr.  James  Homsby,  which, 
that  gentleman  could  not  attend  to  take  part  in  the  discussion, 
might  be  permitted  to  read ;  it  was  as  follows : — 

''I  notice  that  on  page  535  you  remark  that  the  lever-nc 
admits  of  a  slight  motion  to  give  pitch  to  the  share.  This  1 
been  the  usual  custom  in  ploughs,  but  you  will  find  in  our  *  B 
plough  (Fig.  9)  that  we  also  give  a  lateral  movement  to  the  share 
a  principle  of  our  own.  On  page  545  you  say  the  frame  is  usua 
of  cast  iron.  But  from  the  commencement  of  our  making  plon^ 
at  Warwick  we  have  always  used  the  wrought-iron  frame,  as  she 
in  the  bodies  of  the  *  S '  and  *  B  B '  ploughs,  thus  combining  streD§ 
with  lightness  without  the  use  of  nuts  or  bolts.  The  *  S '  ploD 
is  fitted  with  a  long  breast,  for  prize  work,  which  produces  a  so! 
and  imbroken  furrow,  and  is  set  at  an  angle  of  45®.  The  *B! 
(Fig.  9)  is  fitted  with  breast,  coulter,  and  share,  of  suitable  foi 
for  producing  the  high  cut  or  Lancashire  work,  as  required  in  tl 
district.'* 

Mr.  Dahikl  Adahsox  had  been  a  fanner  for  thirty  yean,  thonj 
ho  had  Ikrmod  more  for  pleasure  than  for  profit ;  and  he  n 
iMlooe^Uiigly  gla&  Vo  tixd.  \]hat  the  lQ8iitiiiioi&  had  a  paper  od 
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important  a  snbjeot  as'  that  before  them,  a  paper  which  would  help  to 
Ihntnie  the  economy  of  the  cnltivation  of  land.  The  improyements 
mde  in  any  one  implement  might  seem  of  small  importance  ;  but  it 
ffiB  i  matter  of  great  importance  that  the  engineers  of  the  country 
were  devoting  their  attention  to  this  subject.  Up  to  1825,  about  the 
iine  of  the  opening  of  the  first  railway  in  the  country,  there  was  not 
b  single  agricultural  implement  workshop  of  any  importance  in  the 
Dogdom.  Now  they  existed  by  scores,  and,  as  he  hoped,  were 
Mehing  the  farmer  how  to  till  his  land  at  the  least  possible  cost, 
vkther  by  the  use  of  animal  power  or  steam  power.  He  hoped  that 
s  fatore  papers  steam  cultivation  would  also  be  treated,  and  that 
I  foil  exposition  would  be  given  of  all  implements  used  in  connection 
vith  agriculture.  This  was  not  a  light  matter  when  it  was  remembered 
tbi  about  thirty-three  million  acres  of  land  were  under  cultivation 
in  the  country ;  so  that  an  increase  in  its  producing  power  to  the 
extent  of  £3  per  acre  would  represent  no  less  than  one  hundred 
nillions  sterling.  That,  he  believed,  was  about  the  difference 
letween  the  value  of  a  good  and  a  bod  harvest  in  the  country.  He 
hoold  have  been  glad  if  the  author  could  have  given  illustrations  of 
be  old  plough  as  used  by  the  Eomans  and  our  earliest  forefathers, 
nd  from  thence  down  to  the  present  time ;  so  that  there  might  be  a 
omplete  record  of  the  whole  series.* 

He  thought  that  the  agricultural  engineer  was  entitled  to  more 
o&aideration  than  he  had  at  present  received  at  the  hands  of 
Sncnltural  societies.  Any  one  who  had  experience  in  that  direction 
ronld  bear  him  out  when  he  stated  that,  amongst  the  prizes  given  by 
ke  Boyal  Agricultural  Society,  a  very  small  proportion  was  given 
0  implement  makers.  He  hoped  that  in  future  the  Society  would 
3^e  larger  prizes  than  they  had  hitherto  done,  for  new  implements 
1^  to  economise  the  labour  of  man  and  horse.  Agricultural 
i^eers  would  then  take  up  the  matter  more  eagerly,  in  order  to 
^<^^  the  prizes,  and  the  interests  of  England  would  be  advanced  by 
filiating  increased  production  with  less  cost. 


^  See  on  this  subject  'Fbughs  and  rioughiDg/  by  J.  E.  Bansome  (Constable, 
dinburgb,  1865). 
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Mr.  Chables  Coohbanb  desired  to  express  bis  best  tbanks  to  Mr. 
Bonsfield  for  his  paper,  because  for  the  first  time  in  his  life  he  was 
enabled  to  see  the  principles  on  which  a  plough  worked.  It  was  a 
great  advantage  thus  to  bring  before  the  Members  of  the  Institution 
the  very  first  conditions  and  elements  on  which  successful  ploughing 
depended. 

Mr.  Jeremiah  Head  said  he  felt  somewhat  difi&dent  in  making 
any  remarks  on  this '  subject,  because  it  was  nearly  twenty  years 
since  he  had  had  anything  to  do  with  ploughing.  From  1856  to 
1862  ho  had  been  associated  with  the  late  Mr.  Fowler,  of  Leeds, 
and  had  then  had  a  great  deal  to  do  with  steam  ploughing.  In  iact 
in  those  days  he  had  himself  ploughed  many  hundreds  of  acres  by 
steam  power ;  and  also  did  a  considerable  quantity  of  mole  ploughing 
for  drainage,  to  which  allusion  had  been  made  in  the  paper.  He 
had  often  watched  the  water  run  out  of  the  drains  so  made,  without 
the  use  of  any  draining  tiles  whatever.  So  fJEir  as  he  knew,  this 
system  seemed  to  answer  very  well,  where  the  nature  of  the  soil 
and  the  level  of  the  surface  were  suitable ;  and  the  farmers  were  well 
satisfied  with  it. 

He  was  somewhat  struck  by  the  fact  that  during  the  {mst  twenty 
years  there  did  not  seem  to  have  boon  any  material  alteration  made 
in  the  forms  of  ploughs.  The  essential  parts  seemed  to  be  the  same ; 
and  so  with  almost  everything,  even  down  to  the  fiwtenings  and  so 
forth.  Steam  ploughing  however  had  altered  in  character  a  great 
deal.  One  great  improvement  was  the  adoption  of  two  self-moring 
engines,  instead  of  one  engine  and  an  anchor.  In  that  way  each 
heavy  implement  could  move  itself  about  from  place  to  place,  irartrad 
of  needing  horses  to  draw  it,  which  was  a  very  great  advantage. 
There  was  also  an  improvement  by  the  adoption  of  steel  instead 
of  cast-iron  for  all  the  gearing.  Formerly  the  gearing  wis 
continually  breaking  down,  by  the  engine  getting  in  bad  gateways 
or  soft  ground ;  but  that  was  very  much  avoided  by  the  use  of  steel 
gt^aring. 

One  great  desideratum  supplied  by  steam  ploughing  ww  thai, 
immediately  aHet  ^<d  Yiax^^^  ^%a  55k\ib»i»i  in^  the  atubUea  oooU  be 
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id  oyer  and  ploughed,  so  as  to  leavo  a  maximum  of  time  for 
raze  to  the  weather  before  the  seed  timo  came.  In  furtherance  of 
>bJ6ct  it  was  desirable  to  make  the  day's  work  as  long  as  possible 
(^  times.  Imbued  with  this  idea  he  remembered  devising  a  system 
}aghing  by  lamp-light.  A  large  bull's-eye  lantern  was  put  on 
)lough  and  made  to  shine  exactly  in  the  furrow  in  front  of 
lUTow-wheel,  so  that  the  man  had  nothing  to  do  but  watch 
)oint  in  the  furrow,  and  he  could  guide  the  plough  accurately. 
'  ploughing  for  some  hours  in  that  way,  he  had  found  on  the 
inng  day  that  the  furrows  were  just  as  straight  as  if  they  had 
made  in  the  daylight.  Lights  on  the  engines  and  a  hand  light 
e  plough  served  as  a  ready  means  of  signalling.  Mr.  Bousfield 
i  be  able  to  inform  them  whether  there  was  now  any  steam 
rhing  carried  on  by  night.  Considering  the  importance  of 
ig  a  large  amount  of  work  done  in  the  autumn,  immediately 
the  harvest,  lamp-light  ploughing  seemed  a  matter  that  ought 
)  be  allowed  to  drop. 

[r.  BousFiELD  said  he  was  not  aware  of  any  night  ploughing  now 
;  on ;  but  the  electric  light  had  been  brought  to  such  perfection, 
there  ought  to  be  no  difficulty  in  ploughing  at  night,  if  it  was. 
dered  desirable. 

he  Pbisident  observed  that  the  electric  light  had  been  used 
longhing  on  several  occasions;  not  only  had  ploughing  been 
by  means  of  electricity  in  France,  but  the  electric  light  had 
actually  used  to  enable  ploughing  to  go  on  at  night.  With 
ance  to  Mr.  Head's  remarks  on  steam  ploughing,  he  was  himself 
I  at  the  Boyal  Agricultural  Show  at  Leicester  in  1868  in 
mce  to  steam  ploughing,  just  before  the  time  of  two  engines 
;  employed.  At  that  time  there  was  an  engine  on  one  side  of 
eld  and  an  anchor  on  the  other ;  and  a  portion  of  the  power 
e  engine  that  was  now  lost  was  then  utilised,  so  that  it  was 
I  considering,  in  reference  to  the  arrangement  of  steam  ploughs, 
hr  that  loss  could  be  made  up  now.  A  plough  that  would  take 
ri  to  pull  must  have  a  pull  of  5  cwt.  on  the  tail,  to  keep  it 
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icrru^inc  mii  Uti^'v^.  TTiur  "Sksl  yilL  d  nierelj  3ZAii£  to  act  as 
Tu  ilav-^tcher  Ids  .  'sm  r:  die  'ai:!  ^nlT-Ti-j  r^pe  r«sed  r 
iTiilirj  m  la  i:if!iii:r.  uui  ti}  ituik  usikiD,  ^  siie  vizdin^  di 
Tlie  cnziini*.  :r  3i:kie  &  inZ  :a  die  ■:pQ«}fiiSd  sdi*  of  cLe  dm 
-utiTii-r-:  k  rr^z.  oar:  :f  die  less  tm  dkt^xi-ihL  Bet 
"Lii-ri  ▼■^r»  TT :  ■ai;rine-.  :iie  :ii  ■acii  t-ie  of  she  ScLi.  one 
lit!:  :ii::  die  r.ne  'ij  axeAa^j  e  i  bnke.  Triiie  sLe  other  iras  | 
iiii  ditiry>:ri  die  boAik  pnZ  in.  s2ie  ail  r^pe  w^aa  entirel 
2 ::  die  uVrizzx^  :z  zsk-rji^  jclj  x  siz;zie  wir««-n>pe  acnj«B  li 
•vus.  '.le  i^zIi-iTiiL  rarMaiici:  su  jIzi*:*:  eTerr  odier  consid< 
T'-»*  -Mat  ■'.f  "vir»i  rices  per  JU3«:  f-r  szcam.  ploc^hin^  was  i 
<:  ci:  Lin; It  irriii-  Ii  laeii  :.:  .e  i#.  as.  a«;re.  ba-  nov  he  beli 
Tk*  rt'i-i^i  :.-  !!••'.  ir  }'r.  0:i:f  r»e4aijn.  for  iLai  was  that  the 
-r^r::  r.0T  ill  iiiir  •::'  li."  '•:'/:  m  steel  wire,  :'.-:.  hardened  to 
lIz'z  tcJii-^-ir.  i::i  ;!•=-  'inx:i  ^5  the  proper  size.  It  was 
^?r .^r-ir  ij:I  be::>:r  a=.d  Larier  ;hdii  if  it  had  been  annealed  an* 
■b^-rz. :  i.7  II.  tl-i  Litter  rrco^ss  cf  drawinj.  the  ontside  skin 
7ir^  TTi^  ".vj-i  TcTT  Lard  bj  bezich-hardes.ing,  while  the  insiii 
fifjft.  a:id  if  tlat  xire  was  Mm  asnnder  it  gave  way  unequal! 
citsii:^  seroraticg  keg  before  the  inside.  If^  on  the  contrai 
Ft'jel  was  hardened  to  the  same  degree  as  that  prodnoed  by  the  1 
Lkrlening  upon  soft  wire,  the  whole  wire  was  equally  strong  in 
I  art,  and  it  might  be  drawn  down  to  any  size  without  sof 
again.  That  was  the  original  principle  of  the  Aostrian  ^ 
Wire/'  which  nsed  to  sell  for  3s.  6 J.  a  ponnd,  when  the  process 
secret ;  but  now  all  the  best  pit  ropes,  and  all  the  wire  rop 
steam  plonghing,  were  made  of  hard-drawn  steel  wirc^  which  i 
course  lighter  and  stronger,  as  well  as  harder,  so  that  it  resist 
grinding  action  of  the  earth  better,  and  pressed  ni>on  it  wit 
weight.  Such  ropes  had  contributed  much  to  the  success  of 
ploughing. 

The  question  of  steam  ploughing  was  altogether  one  of 
interest.  Some  trials  hod  been  mode  at  Leicester  which  were 
extremely  interesting  character.  The  ground  had  there 
l)loughed  to  18  in.  deep,  and  being  Tery  hard  the  pieces  of 
brought  u]>  were  as  largo  as  paving-stones.    Now  when  the  so 
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thus  tamed  up  18  in.  below  the  surface,  it  was  practically  turning  up 
a  new  farm  oat  of  the  ground,  and  the  gain  achieved  in  that  way  for 
the  fanner  was  enormous,  as  ordinary  ploughing  never  went  down 
ludf  that  depth. 

Ho  begged  to  propose  a  vote  of  thanks  to  Mr.  Bousfield  for  his 
'wetry  interesting  paper,  and  hoped  he  would  favour  the  Institution 
^wiih  further  information  on  a  future  occasion,  so  as  to  bring  their 
knovvlcdge  up  to  date. 

Xhe  Tote  of  thanks  was  unanimously  agreed  to. 


The  Pbesidknt,  in  adjourning  the  meeting,  said  ho  might  mention 
that  the  arrangements  for  the  next  summer  meeting  at  Newcastle-on- 
Tyne  were  in  progress,  that  some  interesting  papers  were  already 
promisod  for  the  occasion,  and  that  there  was  every  prospect  of  the 
xDeeting  being  a  most  successful  one. 

The  Meeting  then  terminated. 
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in  Bicklcy  accident,  121 ;  increased  itrengtl 
pnrtiDg  of  trains,  122 ;  self-application  of  a 
ia  not  a  failure  but  a  ancoeaa,  122 ;  triSiag  ni 
antomatic  brake,  123 ;  diiDgetous  failures  ol 
of  Vacuum  a  nd  'Weatinghoaaa  brakes  on 
Westinghou^  brake  doos  not  creep  on,  12 
brakes  refusing  to  eome  off,  126 ;  working 
inclinea,  126;  report  of  M.  Mori^  as  to  bi 
to  autoniaticity,  127;  aimilarity  betweci 
arsteu  of  lignaUing,  126.— Tyler,  Sir  H. 
for  continuoiia  brakes,  12S ;  analjaia  o 
Table,  130;  priDcipis  of  tell-tale  action,  l: 
repDrta  ohonld  discriuiinale  between  fn 
virtual  flucccsaeg,    132. — Williama,  R.  Pr 
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RaUwej,  130. — ^Yeomans,  D.  M.,  Value  of  Smith  brake,  and  importance  of 
lialf-yearly  returns,  136. — Westinghouse,  G.,  Way  of  arranging  failures 
In  Tables,   137;  experience  with  Westinghouse    brake    on    Brighton 
l.<ailwaT,  187 ;  automatic  brake  now  superseding  non-automatic  in  United 
States,  138 ;  desirability  of  devising  tell-tale  to  act  without  applying  the 
lirake,  139. — Fairholme,  Capt.  C,  Working  of  Heberlein  automatic  brake 
on  Maenclocliog  Railway  in  South  Wales,  and  in  Germany,  130. — Riches, 
T.  H«,   No  objection  to  automatic  action  in  itself,   131>;  difference  in 
importance  of  failures  with  non-automatic  and  automatic  brakes,  140 ; 
:iiitomatic  brake  not  a  perfect  tell-tale,  140 ;  separation  of  pipe-couplings  in 
^miih  brake  not  important,  141 ;  method  of  counting  number  of  separate 
{xirts  in  brakes,  141 ;    relative  merit  of  automatic  and  non-automatic 
brakes  for  working  down  inclines,  142 ;  comparison  need  not  includo 
merely  sectional  brakes,  142 ;  comparison  from  number  of  failures  is  not 
incorrect,  143 ;  intention  of  Board  of  Trade  requirements  as  to  automatic 
action,   144;   accidents    from    broken    couplings,    144;   desirability   of 
increased    strength    of    couplings,    145;  interpretation    of    failures    on 
diflerent  railways,  145;  serious  nature  of  reimirs  nee  led  for  automatic 
brakes  in  comparison  with  non-antomutic,  146;  relative  merits  of  brakes 
should  be  estimated  upon  mileage  run,  147^*  creeping  on  of  brakes  is  caused 
by  leakage,  147 ;  refusal  of  brakes  to  release  when  required,  148 ;  successful 
working  on  steep  gradients  with  Smith  brake,  148 ;  small  percentage  of 
ncci Jents  calling  for  automatic  action,  149 ;  mode  of  analysing  recorded 
failures  in  Tables,   149. — Bobinson,  J.,  Present  imper  prepared  by  the 
author  at  request  of  the  Council,  150. — Cowper,  E.  A.,  Returns  fairly 
analysed  by  the  author,  150 ;  failures  should  be  analysed  by  Board  of 
Trade  as  to  character,  150. 
^■^IGHT,  T.  a,  elected  Graduate,  310. 
^EOPHT,  M.  M.,  elected  Member,  9. 
^^Owx,  F.  B.  F.,  elected  Member,  185. 
"^^own's  Tramway  Locomotivk,  44.    See  Locomotives. 
^"owxE,  B.  C,  Paper  on  Brown's  tramway  Locomotive,  44. — Remarks  on  ditto, 

57,  59,  76-81. 
^^.'CKLE,  W.  H.  B.,  elected  Graduate,  186, 
•^^BGH,  K.  p.,  not  a  member  of  the  Institution,  311. 

^Ve-Laws,  Additional,  31 -30. — Transfer  of  Giuduates  or  Associsites  to  Members, 
31. — Supply  of  preliminary  copies  of  papers,  and  re-opening  of  discus-^ions, 
33. — Head,  Jeremiah,  Moved  motions  for  sake  of  discussion  only,  33. — 
Paget,  A.,  Seconded  motions  for  same  reason,  33. — Robinson,  J.,  Amendment 
to  first  motion,  33. — Crampton,  T.  R.,  Seconded  ditto,  3i. — Adamson,  D., 
Both  motion  and  amendment  undesirable,  34. — Cochrane,  C,  Amendment 
only    confirms    present     practice,    34. — Tweddell,    R.    H.,    Supported 
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Mr.  Adamflon,  35.— Hulso,  W.  W.,  Preliminaiy  copies  of  papers  migbt  h^ 
sent  to  all  member?,  35.— Cowper,  E.  A..  Proposal  renders  Icpil  whaj 
is  already  done,  35. — Amendment  wirried,  35. — ^Robinson,  J.,  Amendmcn-* 
to  second  mution,  35. — Cochrane,  C,  Seconded  ditto,  36. — Amendrntts. 
carried,  36. 

Cammell,  C,  decease,  10.— Memoir,  1. 

Campbell,  Daniel,  elected  Mem1)er,  310. 

Cast-Steel  Ixgots,  Compressirn  by  steam  pressure.  390.  St-e  Steel  comprc?si«'r-i 
Stmcture  of,  152.    See  Steel. 

C herxoff,  D.,  Pop^r  (1868)  on  the  mannfncture  of  Steel,  and  the  mixle  <-2 
'working  it,  286.  Sie  Steel.  Paper  (1878)  on  the  structure  of  Cast-Stt-  - 
ingots,  152.    See  Steel. 

Cherxoff's  papers  on  Steel,  remarks  on.  225.    See  Steel. 

CnrncnwABD,  G.  D.,  elected  Member,  310. 

Clausius,  R.,  Note  as  to  theoretical  loss  in  expanding  steam  before  admission.  4"^ 

CociniAXE,  C,  Remarks  on  Bvc-Iaws,  34, 30  : — on  Brown's  tramway  Locomotiv- 
75: — on    Fumess    iron    Mines,    372: — on    Jute    machinery,  392:— o— 
Cultivation  by  Horses,  550. 

CoMPSESsiox  OF  Steel  by  steam  pressure,  390.    See  Steel  compression. 

Coxirnrox  Lake,  vi^itcd  at  Barrow  meeting,  487. 

CoxTixuors  Railway  Brakes,  Automatic  action  in,  100.    See  Brakes. 

Cottox  Spixxixo  3Lac^ixert,  Taper  on  recent  improvements  in  the  Machiner— 
for  Preparing  and  Spinning  Cotton,  by  E.  Spencer,  492. — Opexixc.  as  " 
cleaxixg  machines,  492.  —  Cahdixo  engine,  492. — Comding  m.\(1iixc 
493. — Dbawino  Frasie,  494. — Knocking-off  motion,  495. — Stop  nK>tion= 
496. — Endless  clearer  cloth  for  top  rollers,  497. — Sluddixg,  intermei)iatz 
and  rovixo  frames,  497.— Bobbin  now  leads  in  winding,  instead  of  flvv  — 
498. — Improvements  in  flyers,  498. — Lock  motion,  499. — Superior  qiiali* 
of  work,  501. — ^Moderate  spee<l  of  spindles  best,  501. — ^Donble-srcarc^ 
machines,  501. — Self-acting  mvle,  501. — ^Blule  for  medium  counts,  502. — 
Governor  motion,  502.— Backing-ofT  motion,  502.— Motion  for  tightcnir^ 
the  backing-off  chain,  503. — Automatic  nosing  motion,  50G. — Xose  p^» 
508. — Scroll  on  end  of  winding-on  drum,  508. — ^Blode  of  workio;:,  510. 
Engaging  of   click  and  click- wheel  on  tin-roller  ehaft,  511.— 3Iid 
drawing-out    apparatus,    512. — Connection    between    bark    shift  ^es 
taking-in  scroll  sliaft,  513.— Cam  shaft  of  bead  stock,  513.— Speed^^ 
shifts  and  spindles,  513. — Increase  in  production  and  ttrongth  cfy  «« 
514. — Increase  in  speed,  beltand  rope  driving,  51 5.— Jacking  motioii,5L  4SS. 
Roller  delivery  motion,  516.— Mitlk  fob  ftiibbt  ooum^  516L— Inprx>v« 
quadrant  motion  for  winding,  519.— Fidler-lifting  motioii,  520.— Unloclrii;^ 
of  fuller,  521.— Bclativo  motions  of  tin  roller  and  iailer.  523.— CoonecCMto 
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^y  friction  cones,  523.— Change  of  speed  by  quick  and  slow  belts,  525. — 
^ing  spinning,  527. 

Oowper,  R  A.,  Best  and  latest  information  npon   cotton    spinning 
***achinery,  528. — Spencer,  E.,  Assistance  in  preparation  of  paper,  528. 
^•^^-vcii.    for  18S0,  v.— Election,  24.— Retiring  list,  490. -XominaUons  for  1881. 
490. 
^'**-^»  C  E.,  elected  Member,  310.    Remarks  on  permanent  way  for  Tramways, 
220:— on  Steam-sbip  *•  City  of  Rome,"  357. 
*^^'^"^Hj^^  E.  A.,  elected  President,  24. — Inaugural  Address,  28.    See  Address. — 
Remarks  on  Bye-Laws,  31,  35: — on  Barrow  meeting,  36  : — on  Brown's 
tramway  Locomotive,  75 : — on  Plate  rolling  machinery,  98 : — on  Automatic 
taction  in  Brakes,  150: — on  Library,  186  :^n  Riveted  Joints,  186:— on 
)>«nnanent  way  for  Tramways,  220 :— on  ChemoflTs  papers  on  Steel,  232, 
Si^  235,  237,  239.— Reply  to  Mayor's  welcome  at  Barrow,  309.— Remarks 
on  Library,  311 : — on  use  of  initials  "  M.I  M.E.,**  311. — Address  at  Barrow 
vnee ting,  312.   See  Address. — Remarks  on  Steam-ship  "  City  of  Rome," 
358  :— on  Fomess  iron  Mines,  371 :— on  Jute  machinery,  392,  393  :— ou 
^teel    compression  by  steam,  402,  413: — on  Rcverbing  and  expansive 
"Valve-gear,  434,  446  i—on  Standard  Gauge  for  high  pressures,  473 :— on 
Ck>tiDn  Spinning  machinery,  528  : — on  Cultivation  by  Horses,  551. 
"^^*'"*'*'Tsr,  T.  B.,  Remarks  on  Bye-Laws,  34 :— on  Brown'H  tmmway  Locomotive, 


69:— on  Permanent  Way  for  Tramways,  212  :^n  Wiiter-prcssuro  mining 
Engines,  261,  262 :— on  Steam-ship  "  City  of  Rome,"  354. 
^^^■^'^OM,  R.  K  B.,  Remarks  on  Brown's  tramway  Locomotive,  67:— on  Electric 

lighting,  277 : — on  Steel  compression  by  steam,  414. 
^^**~Tatiox  by  Hobses,  Paper  on  Implements  and  machinery  for  cultivating 
land  by  horse-power,  by  W.  R.  BousfieM,  529.  —  Requirements  for 
cultivation  of  land,  529.  —  Implements  employed,  530.  —  Drainage 
implements,  530. — Subsoil  plough,  530. — l^Iole  plough,  531. — ^Ploughs, 
general  features,  532. — Share,  534. — Coulter,  535. — Breast,  536. — Section 
of  fbrrow  slice,  rectangular  or  trapezoidal,  536. — Inclination  of  furrow  slice, 
586. — Proportions  of  furrow  slice,  537. — Saving  in  time  and  labour  by  new 
proportions,  539. — Length  and  twist  of  breast,  539. — Fundamental  form  of 
breast,  540. — Variations  for  practical  purposes,  542. — Breast  for  diflerent 
depths,  544. — Breast  best  for  work  requires  least  draught,  545. — Plough- 
frame,  sole-plate,  and  side-plate,  545. — Wheels  for  ploughs,  546. 

Diteuseion. — Bousfield,  W.  R.,  Specimens  of  plough  bodies  from  Howard, 
Bamsomes  Sims  and  Head,  and  Homsby,  547. — Adamson,  D.,  Growth  of 
agricultural  implement  works,  549;  means  of  improving  agricultural 
implements,  549. —  Cochrane,  C,  Principlts  of  ploughing,  550. — Head, 
Jeremiah,  Mole  ploughing  for  drainap^e,  5.~)0 ;  improvements  in  steam 
ploughing,  550;  ploughing  by  lamp-light,  551. — Bousfleld,  W.  R.,  Electric 
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light  fur  ploughing  at  night,  551. — Cowper,  E.  A.,  Ploughing 
light,  551 ;    adTantage  of  single  wire-rope,  552  ;   ooiit  and 
of    hard-drawn   eteel  wire-ropes,  552;    deep    plooghmg 
Leicester,  552. 

Davet,  H.,  Paper  on  Water-pressure  Engines  for  mining  pmpce^^^ 

Bemarks  on  ditto,  257,  261,  2G2,  263. 
Daviess  C.  M.,  elected  Member,  185. 
Davi5,  a..  Paper  on  Steel-compressing  arrangements  at  Barrow,  31X7.-^^ 

on  ditto,  415. 
Deacon,  R.  W.,  elected  Member,  489. 
Dk  Pape,  W.  a.  H.,  elected  Member,  185. 
DiCKixsox,  J.,  elected  Member,  9. 

Docks,  Paper  on  the  Docks  and  railway  approaches  at  Barrow-in-Fui 
F.  C.  Stilemao,  ;^4. — Development  of  Furness  Bailways,  and  of 
traffic,  324. — Growtli  of  Borrow^  harbour  and  docks,  325.— Devonst^^ 
Buccleuch  docks,  325. — Ramsden  and  Cavendish  docks,  326.—%^ 
and  concrete,  326. — Steam  navvy,  327. — Basin  and  dock  gates, 
Bailvray  and    road    approaches,    328. — Buccleuch    dock   briJge, 
Hydraulic  machinery,  328. — Barrow  harbour,  329. 

Discussion, — Ormiston,  T.,  Graving  dock  why  outside  the  dock  en'  - 
329 ;  inner  lock  cill  why  mised,  330 ;   dock  entrance  why  so  wid^ 
silting  in  outside  channel,  330. — Strype,  \V.  G^  Constructiuu  ofB 
walls  by  pouring  concrete  in  situ  very  advantageous,  3.30. — Bennie, 
AVhy  three  different  sections  of  dock  wall,  331 ;  oost  of  cxcavat  J 
eteam  navvy  as  compared  with  hand  labour,  331. — Ramsden, 
Gnivin<^    dock    placed    outside  for  economy,  331 ;    advantages  ^ 
entrance  to  docks,  332  ;  absence  of  silting,  333 ;  scour  of  tide,  333;^ 
level  in  docka,  and  height  of  inner  lock  cill,  333. — Stilemao,  F.,  J — 
sections  of  dock  wall,  333 ;  cost  of   excavating  by  ateam  nav — - 
(touring  concrete  down  tubes,  and  depositing  it  by  buckets,  334 ;  (^B 
334 ;  spring  girders  of  Buccleuch  dock  bridge,  335. 
DoDD,  J.,  elected  Member,  310. 
DoxALD,  J.,  elected  Member,  489. 
DoiLFORD,  R.  P.,  elected  Member,  489. 
DucKHAM,  F.  E.,  elected  Member,  310. 
Dynamo-Electric  Machines.    See  Electric  lighting. 

Kageb,  J.  E.,  elected  Member,  9. 

Kastox,  E.,  elected  Member  of  Council,  24. 

Edwards,  R.,  elected  Member,  9. 

Electiox,  Council,  24.— lilembers,  9,  185,  810,  489. 
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^ic  LiGBTDTG.  Second  Paper  on  Electric  lighting,  by  J.  Hopkinson,  Jun., 
-^^. — Author's  experiments  vith  Siemens  dynamo-el eotric  machine, 
^66. — ^«  Critical  curront,"  267.  — German  experiments  with  Gramme 
^'^•cliiQe,  267. — Dr.  Siemens'  and  author's  experiments  with  Siemens 
^ttachities,  267-8. — Time  required  to  develop  current  in  Gramme  machine, 

269 Brightness  of  electric  arc,  209. — Intensity  different  in  different 

^^irectiong,  269. — Comparison  with  standard  candle  and  lamp,  270. — 
Photometer  for  powerful  lights,  270. — Efficiency  of  electric  arc,  272.— 
^^asional  instability  of  electric  light,  273. — Use  of  shunt  electro-magnet, 

"^^ ^Measurement  of  horse-power  developed  in  electric  arc,  274. 

-^*»ct«M(m. — Shoolbred,  J.  N.,  Experiments  at  Silvertown  with  Gramme 
*^*claxne,  274-6 ;  inconvenience  of  photometric  methods  hitherto  used, 

I -Till, 

'  *  5    measurement  of  horse-power  in  electric  arc,  277 ;  increased  regularity 

^  *^i vision  of  current,  277. — Orompton,  R.  E.  B.,  Advantages  of  long  and 

^^^  electric  arcs,  277  ;  regulation  of  lamps  for  getting  stability  of  light, 

^  *    new  photometer  for  practical  measurements,  279;  measurement  of 

^^^'^tfi  of  different  colour,  280 ;    burning  of  regulating  lumps  in  series, 

f^ ^Preece,  W.  H.,  Shadow  photometer  independent  of  colour,  280; 

^^^Milty  from  want  of  uniformity  in  human  eye,  281. — Perry,  J.,  Concave 
^^^    compared  with  convex  for  photometer,  282 ;  adaptation  of  photometer 
'**   ^11  directions  of  light,  282. — Hedges,  K.,  Objectionable  colour  can  be 
"^^'^lalised  by  mixture  in  carbons,  282. — Hopkinson,  J.,  Inflection  in  Mr. 
^^^-^*8  curve  due  to  error  of  observation,  283 ;  electrical  resistance  in  German 
^^"^riments,  283 ;  critical  current,  283 ;  explanation  of  rule  for  horse-power 
electric  arc,  283  ;   comparison  of  Gramme  and  Siemens  machines,  283  ; 
^^^'^ble  with  electric  lights  is  largely  due  to  bad  governing  of  engines, 
^^^  ;    adaptation    of   photometer    to    lights    at   different   angles,   284 : 
^^^parison  of  electric  light  and  standard  candle  in  respect  of  colour,  285 ; 
^^^ow  photometer  not  entirely  independent  of  colour,  285 ;  advantage  of 
vex  lens  in  preference  to  concave,  285. 
sr,  E.  B.,  Remarks  on  standard  Gauge  for  high  pressures,  474. 
^-  W.,  elected  Member,  489. 

Paper  on  Water-pressure  Engines  for  raining  purposes,  by  H.  Davey, 

.5. — Water  supply  in  hilly  districts,  245. — Principles  of  water-pressure 

^>lgines,  246. — ^Trevithick's  early  water-pressure  pumping  engine,  247. — 

"^^ouble-acting  dip-pumping  engines  at  Griff  colliery,  248. — ^Fluctuation  of 

^^locity  in  driving  column,  250.— Plunger  engines  pumping  brine  at 

^lansfield  salt-mine,  251. — Pumping  and  winding  engines  at  A.  D.  lead 

^ine,  252.— Pumping  engine  at  Hutton  Henry  colliery,  utilising  feeder  in 

%liaft,  254. — Pumping  engine  with  single  pipe  for  supply  and  delivery, 

255. — Modes  of  applying  variable  hydraulic  power  to  varying  resistances, 

^56. 
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DUeusnon. — ^Hawksley,  C^  Hydraulic  machinery  mil  work 
drowned,  257.— Tweddcll.  R.  H.,  Sncceasful  nse  of  rotatiTe  lfate^Fe»^K 
engines,  258 ;   high  efficiency  of  three-cylinder  hydraulic  engiw,  2o*; 
accomolator  not  required,  if  acting  merely  as  a  regulator,  259;  balanced 
yalves,  259 ;  yariahle  hydraulic  power,  unless  automatic,  i»  w*  waa»l*' 
259 ;  future  of  hydraulic  engines  is  a  matter  of  working  coet,  260.— KeBuwT* 
A.  B.  W.,  Engine  with  sereral  Talves  is  preferable  in  certain®'^ 
single-valve  engine  with  numerous  ports,  260. — Twedddl,  B.  H^  ^ 
cylinder   engine    should   only    drive    ordinary    pump,  261—1^^''°^'^ 
A.  B.  W.,  Arrangement  in  paper  preferable  for  heavy  pumpingi       ' 
Cramptbn,  T.  K.,  Whether  air-vessels  not  necessary  on  waler-p^ 
engines,  261. — Davey,  H.,  Air-vessels  not  necessary,  261 ;  flacUi*^ 
velocity  small  in  driving  column,  261.  —  Crampton,  T.  R.,  Ai^'' 
preferable  under  great  head,  262. — ^Davey,   H.,  Objection  to  air^ 
in  awkward  places,  2G2. — Crampton,  T.  R.,  Easy  to  replenish  &ir^ 
262. — Lightfoot,  T.  B.,  Steam  more  economical  than  water  po^^ 
draining  dip-workings,  262.  —  Davey,  H.,  Reasons  for  adopting' 
valves  in  place  of  piston- valves  or  slide-valves,  263 ;  rotative  hyc^ 
engines  not  best  suited  for  pumping,  263 ;  reasons  for  preferring  byc^ 
power  to  steam  in  dip- workings,  264 ;  working  of  dip  engine  at  Griff  cC^ 
264.— Cowper,  E.  A.,  Paper  gives  practical  record  of  suooessfol  workins^ 
Excursions  at  Summer  meeting,  Barrow,  47S. 

Fairholme,  C,  Remarks  on  Automatic  action  in  Brakes,  139. 

Far(X)t,  p.,  elected  Member,  185. 

Ferxie,  J.,  Remarks  on  ChemofiTs  papers  on  Steel,  240. 

FiR£L££8  LocoMonvES,  37.    See  Locomotives. 

Fleming,  W.,  Taper  on  the  manufacture  of  Jute,  3S0. — ^Remarks  on  ditto,  39^ 

Fluid-Compressed  Steel,  Wliitworth  process,  171, 179, 180, 181. 

Foster,  S.  L.,  decease,  10. — Memoir,  3. 

Francis,  A.  A.,  elected  Graduate,  186. 

Francq.  L.,  Bephj  on  the  discussion  upon  fireless  Locomotives,  37. 

Froude,  \V.,  decease,  10. — Memoir,  3. 

Furxe^  Hjematite  Lbon  Mines,  363,  484,  485, 487.    See  Mines. 

Galwet,  J.  W.  DE  v.,  elected  Member,  9. 

Gases  Occluded,  in  copper,  412.    In  palladium,  232,  410.    In  platinum, 

In  silver,  410.    In  steel,  155,  158,  228,  232, 402,  404,  409,  410, 414. 

Steel. 
Gauge,  Taper  on  a  Standard  Gauge  for  high  pressures,  by  G.  Haii^  4 

Increasing  use  of  higher  pressures,  455. — ^Metallic  gauges,  difficnlt 

graduation,   455. — Open-tube   manometer,  455. — Standard  gauges 
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^^^pressed-air,  wiUi  differential  pistons,  and  wiili  loaded  valves,  456. — 

"^^ir  sjsiem  of  piston-gange,  457. — Leakage,  friction,  and  lubrication^ 

^^8.  —  General   arrangement,    459.  —  Objections   to    new    gauge,    and 

^^loolation  of  errors,  459. — ^Elimination    of  friction    from    dirt,  460. — 

-^xiction   of  metallic    gauges,    461. — Frictionless   spiral    gauge,    461. — 

-Accuracy   of  new  standard  gauge,  462. — Applications  of  new  system 

'*^2.— Appendix,  estimate  of  errors,  464-468. — Summary  of  errors,  468. — 

^Application  to  actual  apparatu.^,  469. 

Diseuaion. — ^Allan,  A.,  Description  of  air-spring  pressure-g.iuge,  470 ; 

iisaocanicy  of  ordiuary  pressure-gauges,  471. — Ross,  J.  A.  G.,  Earlier  gauge 

of  same  kind,  and  difficulty  from  grit,  472;    what  provision  for  chaugo 

^>f    temperature    in  air-spring    gauge,    472. — Allan,    A.,    No   serious 

development  of  Lt-at,  472 ;  means  of  replenishing  air  in  gauge,  472. — 

X^iss,  J.  A.  G.,  Absorption  of  air  by  water  in  air-spring  gauge,  472. — 

^llan.  A.,  No    absorption    in    practice,    472. — Maw,    W.    H.,  Gooch*d 

combined  pressure-gauge  and  safety-valve,  473. — Cowper,  E.  A.,  Gauging 

of  indicators,  473. — Liithy,  R.,  Hick's  experiments  on  friction  of  leathers^ 

-473;    Whitworth's    piston-gauge,    and    Fogg's    mercurial    gauge,    473; 

apparatus  for  measuring  friction  of  leather  collars,  473. — Humphrys,  J., 

Difficulty  from  dirt  to  be  obviated  by  using  oil,  474. — Ellington,  E.  B., 

Similar  gaugo  for  chain-cable  testing,  but  not  superseding  dead  weights, 

474. — Tweddell,  R.  H.,  Value  of  theoretical  investigation  in  confirming 

practice,  474 ;  accumulator  best  pressure-gauge  for  hydraulic  machinery, 

474;    pressure-gauge  with    two   independent   pointers,    475;    indicator 

diagrams  at  high  pressures,  475. — Marie',  G.,  Air-spring  for  low  pressures 

only,  475 ;  dirt  obviated  by  filtering  water,  475 ;  principle  of  standard 

gauge  is  that  of   Watt's    indicator,  475;  new  method    for    measuring 

friction,  475 ;  friction  in  pistons  packed  with  diaphragms,  476 ;  standard 

gauge  not  for  daily  use,  476 ;  recent  test  of  accuracy  with  open-tube 

gauge,  476. 

BEGAN,  S.,  elected  Member,  310. 


^^^C,  C,  elected  Member,  310. 
-^^^IWET,  W.  B.,  elected  Member,  185. 
^^^'^^TSceALK,  A.,  elected  Member,  310. 
^Van's  permanent  way  for  Tramways,  197.    See  Tramways. 

^JlMME  Dynamo-Electmo  MACHINE,  267,  269,  274-6,  28:^  284.     See  Electric 

lighting. 
^E.VVES,  J.  H.,  decease,  10. — Memoir,  5. 
^*4eio,  D.,  Remarks  on  Steam-ship  "  City  of  Rome,"  ?>')i. 
^^ESHAM,  J.,  elected  Member,  310. 
^HcNDT,  B.  D.,  decease,  10. — Memoir,  5. 
^tTCH,  G.  A.,  Remarks  on  Automatic  action  in  Brakes,  117-128. 
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3,  J.,  RemArks  on  CheraoflTfl  papers  on  Steel,  236,  240. 

SB1E8,  J.  B.,  elected  Member,  489. 

I37S,  B.,  elected  Graduate,  10. 

O.,  elected  Member,  185.— Paper  on  a  new  reversing  and  expansive  Valvc- 

^ear,  418.— Remarks  on  dittc,  430,  449-451. 

:,   J*aper  on  the  manufacture  of  Jute,  by  W.  Fleming,  3S0. — Origin   and 

development  of  jute  manufacture,  380. — Growth  of  jute,  and  *•  retting," 

381.— Softening,  381.— Breaker  card,  382.— Finisher  card,  3^.— Drawing 

frame,  385. — Second  drawing  frame,  387. — Roving  frame,  387.— Spinning 

frame,  389.— Sizes  of  yam,  390 —Uses  of  jute,  391. 

Ditcutaion. — Fleming,  W.,  Statistics  of  jute  manufacture,  392. — 
BouUedge,  T.,  Use  of  jute  ends  for  paper-making,  392. — Cochrane,  C, 
Sack-making  and  sewing  machines,  392. — Ck)wper,  E.  A.,  Length  of  jute 
fibre,  mode  of  retting,  and  feeding  of  breaker  card,  892 ;  length  of  fibre 
in  drawing-frame,  and  twisting  of  roving,  393. — Paget,  A.,  Original 
natural  length  of  jnte  fibre,  and  length  in  yam,  393. — Cowper,  E.  A., 
Length  of  long  and  short  fibres,  393. — ^Fleming,  W.,  Bleaching  of  jute 
without  loss  of  strength,  393 ;  sack-sewing  by  machinery,  894 ;  retting  in 
cold  water,  394 ;  jute  cuttings  for  paper-making,  894 ;  feeding  of  breaker 
card,  894 ;  original  and  ultimate  lengths  of  fibre,  394  ;  dyeing  of  jute,  305. 
in  WoBKS,  visited  at  Barrow  meeting,  480. 

^oniDT,  A.  B  W.,  Remarks  on  Water-pressure  mining  Engines,  2G0,  2G1. 
^OBJCB,  E.,  elected  Member,  310. 

^nvoN,  J.  H.,  elected  Member  of  Council,  24.— Remarks  on  reversing  and 
expansive  Valve-gear,  435. 

^ftSEK,  J.  D.,  Remarks  on    Brown's  tmmway    Locomotive,  69. — Paper   on 

Permanent  way  for  street  Tramways,  with  special  reference  to  steam 

tnetion,  188. — Bemarks  on  ditto,  221. 
^^Sis's  permanent  way  for  Tramways,  192, 194.    See  Tramways, 
■am,  Donations  in  1879.  18-22.— Bequest  of  £100  from  late  Rol)ert  Napier, 

186. — ^Donations  from  R.  A.  McLean,  Waring  Brothers,  and  G.  B.  Renuie, 

811. 
*3HTiooT,  T.  B.,  elected  Member,  9. — ^Remarks  on  Water-pressure  mining 

Engines,  2tj2. 
^^Tuo,  Electric,  266.    See  Electric  lighting. 
^^AL  MooB  Ibon  Mines,  vibited  at  Barrow  meeting,  481. 
^^^onvE  with  Joy's  Valve-Gear,  432-5,  440,  444,  448,  480. 
^^^onvis,  Bejily  on  the  discussion  upon  fireless  Locomotives,  by  L.  Francq, 

87. — Chief  items  of  working  cost  in  tramway  engines  are  wages  and 

maintenance,  37. — ^Working  parls  of  fireless  engines  are  too  near  ground. 
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but  repairs  iougDificant  through  abfienco  of  ashes,  37. — ^Applica- 
hot-water  cogine  to  underground  railways,  38. — Condensation  of  ate 
underground  railways,  and  on  tramways,  39. — Steam  expander  do- 
produce  electricity,  40. — ^Advantage  of  expanding  before  admissio 
cylinders,  41.— Theoretical  los.?,  but  not  important,  42. — ^Practical  i 
with  firelcBs  engine,  43. 
Locos: OTivES,  Paper  on  Brown's  tramway  Locomotive,  by  B.  C.  Browne, 
Bequiroments  for  a  tramway  locomotive,  44. — Extent  of  adoption  of  B 
engine,  44.— Description  of  engine,  45. — Distribution  of  steam. 
Valve-gear,  48, — Dimensions  and  particulars  of  engines,  49. — W< 
cost,  50.— Strasburg  engines,  51,  54.— Hamburg  engines,  53, 
Comparison  with  otlier  systems,  55. — Combined  car  and  engine, 
Distinctive  character  of  tramway  locomotives,  5G. 

Liwussum. — Browne,  B.  C,  Additions  necessary  to  meet  Board  of 
requirements,  57.— Hughes,  H.,  Disadvantage  of  high  steam  press 
streets,  57 ;  construction  of  boiler  and  firebox,  position  of  cylinders, 
spiral  bearing  springs,  58;  mode  of  condensing  exhaust  steao 
consumption  of  fuel,  and  cost  of  working,  CO ;  bad  state  of  early  trui 
CO;  size  of  wheels,  CO;  working  parts  should  be  few  and  simp] 
injury  to  his  own  engines  in  Paris  from  presence  of  oil  in  boiler 
Winby,  F.  C.,  Features  desirable  in  tramway  locomotive,  63 ;  cond 
arrangement,  63. — Schonheyder,  W.,  Objection  to  use  of  dog-lin 
weakness  of  Brown  boiler,  64. — Holt,  W.  L.,  Cost  of  world 
Strasburg,  64;  in  Hamburg  and  Paris,  65;  objections  to  worl 
tramway  engine  by  only  one  man,  65 ;  advantage  of  mac 
being  raised  from  ground,  CG;  effect  of  oil  and  tallow  in  1 
67. — Crompton,  R.  E.  B.,  Not  desirable  to  diminish  piston-sp 
tramway  engines,  67 ;  high  pressure  not  objectionable,  67 ;  inad 
condensation  of  exhaust  steam,  67 ;  tramway  engine  should  have  i 
boiler  and  be  cheap,  68. — Hird,  H.,  Valve-gear  affected  by  vertic 
of  axles,  68 ;  disadvantage  of  larger  wheels,  68. — Larsen,  J.  D.,  In 
engines  duo  to  defective  tramways,  69. — Halpin,  D.,  Valre-ge 
affected  by  play  of  uxle,  69. — Crampton,  T.  B.,  Tramway  alioi 
stronger  than  ordinary  railroad,  69;  arrangement  of  bearing  i 
economy  of  fuel,  size  of  wheels,  70 ;  proportions  of  tubes,  ooningof  ^ 
71. — Alley,  8.,  Tramroads  in  general  too  light,  71 ;  saccesafid  wori 
engines  by  one  man,  71 ;  failures  of  boilezs  in  engilies  working  in 
72. — Adamson,  D.,  Failure  due  to  quality  of  water,  78 ;  woJcfi 
Brown  boiler,  working  beam  not  so  good  as  large  wheels,  73. — Fi 
Bichard,  No  injury  from  grease  in  boilers  on  Metropditsn  B 
74. — Tomiiuson,  J.,  Quantity  of  grease  yery  smsll  oa  Mstro 
Railway,  74  ;  cause  ^of  doxability  of  fireboxes,  7i.— OoclmiM^  C*  i 
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soda  romovee  coiYoaive  action  of  greasy  water,  75. — Cowper,  E,  A.,  Action 
of  acid  grease  cured  by  mixing  liard  water,  75 ;  water  in  Paris  produced 
greasy  scale,  75. — Browne,  B.  C,  No  real  objection  to  higher  pressure,  76 ; 
mode  of  manufacture  of  Brown  boiler,  76;  protection  of  eugine  from  dirt, 
77 ;  particiilars  of  condenser,  and  results  of  working,  77 ;  fuel  consumption 
at  Strasborg  and  Hamburg,  78 ;  advantage  of  square  link,  79 ;  working  of 
tramway  engines  by  one  man,  79;  working  of  engines  in  Paris,  79; 
prospect  of  reducing  cost  of  tramway  engines,  80  ;  present  tramways  far 
too  light,  80;  wheels  in  Brown  engine  not  coned,  81 ;  mixing  of  condensed 
steam  with  feed  water,  81. 

RmcE,  M.,  elected  Member,  310. 

rWORTH,  D.,  elected  Member,  185. 

rr,  K.,  Remarks  on  standard  Gauge  for  high  pressures,  473. 

DE,  J.  6.,  Remarks  on  permanent  way  for  Tramways,  203,  221. 

OIKEBY  FOB  Cfltitating  Laxd  by  Horsc-power,  529.  See  Cultivation  by  Horses. 

HiNEBT  FOB  PuEFABixo  AXD  SPINNING  CoTTON,  492.     See  Cotton  Spinning 
Machinery. 

SI880N*8  permanent  way  for  Tramways,  199.    See  Tramways. 

IE,  G^  Paper  on  a  Standard  Gauge  for  high  pressures.  455. — Bcmark^i  on 
ditto,  475. 

SHALL,  F.  C,  Remarks  on  Steam-ship  '^City  of  Rome,"  3i9,  35:;:— o:i 
reversing  and  expansive  Valve-gear,  430,  440. 

rrnr,  R.  F.,  elected  Member,  185, 

KICKS,  T.,  elected  Member,  489. 

IT,  W.  H.,  Remarks  on  standard  Gauge  for  high  pressures,  473. 

DoxNELL,  A.,  Remarks  on  Automatic  action  in  Brakes,  134. 

Lachlan,  J.,  elected  Member,  810. 

CHAKiCAL  Reseabch,  12,  16,  23,  180.    See  Research. 

3fOEBS  of  Members  deceased  in  1879, 1. 

arsuus,  W.,  elected  Member  of  Council,  24. — Remarks  on  President's  address, 
322. 

U03I  Blast  Fubnaces,  visited  at  Barrow  meeting,  486. 

sm,  Paper  on  the  Haematite  iron  Mines  of  the  Fumess  distriet.  by  J.  L.  Shaw, 
363. — Geological  features,  363. — Extent  of  ore  deposits,  364. — Depth  ot 
deposits  below  surface,  365. — Quality  of  ore,  365. — Modes  of  working, 
865.— Timbering,  867.— Output,  368.— Trial  borings,  368.— Winding  and 
pumping  engines,  368. — Adits,  369. 

Ditcutnan, — ^Wadham,  E.,  Uncertainty  of  hematite  deposits,  and 
consequent  irregular  method  of  working,  369 ;  subsidence  of  surface  over 
workings,  870;  sinking  of  main  shaft,  370;  timbering,  371. — Cowpcr, 
E.  A.,  Hnmatite  ore  not  magnetic,  371.— Wadham,  E.,  North  and  south 


rv'oks,  370. 

S<^liiKiikT,  H.  "W.,  Ki^o  and  progress  of  Burrow,  and  0.evCiq>ii.< 

of  irun  mining  in  Furucss  district,  377-U. 
Mines,  Haematite  Mines  visited  at  Borrow  meeting,  484-7. 
IkliNiNO  Engihes,  Water-Pressare,  245.    See  Engines. 
MoRELAND,  R.,  JuN.,  elected  Member,  186. 
Morris,  £.  B.,  elected  Member,  9. 

Kapier,  B.,  bequest  of  £1C0  applied  to  Library,  186. 

Net^ton,  "W.  E.,  decease,  10. — ^Memoir,  8. 

North  Lonsdale  Blast  Ftrnaces,  Tisited^at  Barrow  meeting,  484. 

Oldham,  R.  A.,  elected  Blenibcr,  310. 

Ormiston,  T.,  elected  Member,  310. — Remaiks  on  Carrow  Docks,  329:- 
Steam-bhip  ""  City  of  Rome,"  346. 


Paget,  A.,  Vote  of  thanks  to  retiring  Preiddent,  26. — ^Remarks  on  Byc-I 
33 :— on  Permanent  woy  for   Tmmways,  211  :^-on  €lienioff*s  papti 
Steel,    233,  237:— on     Steam-ship    **City   of    Be  me,"    348:— <m 
machinery,  393 :— on  Steel  compression  by  bteam,  408, 414  :^-<m  Bcrei 
and  ezpansivc  Volve-gear,  440. 

Park  Iron  Mine,  yisited  at  Barrow  meeting,  485. 

Parsons,  Hon.  C.  A.,  elected  Graduate,  10. 

Paterson,  W.  S.,  elected  Graduate,  310. 

Peache,  J.  G.,  elected  Member,  186. 

Peacock,  Ricilard,  Remarks  on  Brown's  Tramway  Locomotive,  74. 

Permanent  Wat  for  tramways,  188.    See  Tramways. 

Perry,  J.,  Remarks  on  Electric  liffhtinfr.  282. 
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g  JHtcunion, — ^Head,  Jeremiah,  Boiling  of   Belgian   *'  broad  flats,"  91  ; 

K  tendency  to  ^^reedineas"  from  mode  of   piling,   92;    sliding-roll   mill 

V.  nloaUe  for  paddled  bars  and  blooming,  92 ;  doabtful  for  wide  plates,  from 

B  tendenej  to  reedineas,  93 ;  mill  for  plates  of  all  widths  would  be  very 

V  emnbioiUi  93 ;  effect  of  rolling  on  tenacity  of  iron,  and  on  its  elasticity 

■  in  bending,  93;  diding-roU  mill  more  applicable  for  wide  steel  plates 

r  than  fbr  iron*  94.— Webb^  F.  W.,  In  rolling  steel  plates  from  ingots, 

boneyoombed  stnxotme  must  be  got  rid  of,  94;  di£Bculties  connected 

"With  sliding-roll  mill,  95. — ^Adamson,  D.,  System  doabtful  for  iron,  from 

presenoe  of  cinder,  96 ;  no  objection  with  steel  plates,  96 ;  steel  equally 

strong  longitoiBnally  and  transTcrsely,  97 ;  drifting  of  holes  close  to  edge 

in  iron  and  steel  plates,  97 ;  want  of  endenoe  as  to  lateral  strength  in 

iron  flats,  98.— Gowper,  E.  A.,  Effect  of  wear  on  sliding-roll  mill,  98 ; 

means  of  producing  flbrous  structore  in  iron,  98;  tendency  of  wide 

plates  to  form  ragged  edges,  99. 

Pi^ouoBB  for  hovse-power.    Homsby's,  548.    Howard's,  548.    Bansomes  Sims 

and  Head's,  548.    See  GaliiTation  by  Horses. 
Pbbbcb,  W.  H.,  Bemaxlci  on  Electric  lighting,  28a 

PsBsaxKHT's  Abdbbss,  inaugural,  28 : — at  Barrow  meeting,  312.    8te  Address  of 
President 

Gauqbb,  455-476.    Bee  Gauge. 
fox  finking  shafts  through  sand,  485.    See  Band  Pump. 


HazLWAT  BsAxn,  Automatic  action  in,  100.    See  Brakes, 
r.  Sir  J.,  Bemarks  on  Barrow  Docks,  381. 
B.  OL,  Bemaxks  on  permanent  way  for  Tramways,  206, 210,  211. 
Bxran;  O.  B.,  Bemarks  on  Barrow  Docks,  331. 

BsFOfBT  or  OouxoiL,  10. — ^Number  of  Members,  10.— Deceases,  resignations,  &c., 
10.— Financial  statement,  12,  16,  17.— Besearch,  12.— Donations  to 
Library,  13, 18.— List  of  Papers,  13. — ^Attendances  &o.  at  meetings,  14. 

Di$eiueion. — Bofainson,  J.,  MoTes  vote  of  thanks  to  Besearch  Committees 
and  Beporters,  23;  increased  number  of  papers,  InYolving  increased 
expenditure,  23. — ^Adamson,  D.,  Bemarks  on  career  of  late  W.  Howe,  23. 
BoKABOB,  Proceduro  in  1879,  12. — Expendituro,  16. — Vote  of  thanks  to 
Besearch  Committees  and  to  Honorary  Beporters,  23.— Biveted  Joints, 
186. 
BsnrauM,  E.,  Bemarks  on  Steam-ship  **  City  of  Bome,"  346,  349,  357 :— on 

Berexsing  and  expanslTe  Valve-gear,  445. 
pawAwiM  B.  Yf^  Bemarks  on  Steel  compression  by  steam,  400,  403,  415. 
BiffffP*,  T.  H.,  PajMT  on  Automatic  action  in  continuous  railway  Brakes,  100. — 

Bemaiks  on  ditto,  189-150. 
BoinBAD  Iboi  MxhBi  yisited  at  Barrow  meeting,  485. 

2  u 


t 


570  IMDSX. 

B0BIK8ON,  J.,  Bemarka  on  anniial  Beport  of  Council,  23 :— on  retiring  &am  offi 
of  President,  25,  27:— on  Bye-LawB,  33,  85:— on  Antomatio  action 
Brakes,  150:— on  Pennanent  way  for  Tiamways,  208,  219  :— <in  QierDoi 
papers  on  Steel,  238,  239,  243  :— on  President's  address,  322 :— on  Stea 
ship  "  City  of  Borne,'*  351,  355  :— on  BoTersing  and  ezpansiTe  Valve-gc 
439. 

BoLLiNQ  BIaobinkbt  for  Plates,  82.    See  Plate  Boiling  Machinery. 

Boss,  J.  A.  6.,  Bemarkson  standard  Gange  for  high  prearares,  472. 

BouTLEDOC,  T.,  elected  Member,  310. — ^Bemarks  on  Jute  machinery,  392. 

Band  Puvp,  for  sinking  mine  shafts  through  sand.    Gill's,  485.    Mather 

PLitt's,  485, 487. 
Bandsbs,  B.  D.,  Bemarks  on  Automatic  action  in  Brakes,  113-117. 
Bandscale  MiNoro  Co.'s  new  sinking,  yisited  at  Barrow  meeting,  485. 
Saxbt,  J.,  elected  Member,  9. 
Baxoh,  G.,  decease,  10. — ^Memoir,  8. 

ScHM^iDBB,  H.  W.,  Bemarks  on  Fumess  iron  Blines,  372,  377. 
BcHdNHKTDEB,  W.,  Bemarks  on  Bro?m*s  tramway  LocomotiTC,  63 :— on  Permai 

way  for  Tramways,  220. 
ScHRAM,  B.,  elected  Member,  310. 

Sharp,  T.  B.,  Bemarks  on  Steel  compression  by  steam,  412. 
Shaw.  J.  L.,  Paper  on  HsBmatite  Mines  of  Fumess,  363. — ^Bemarks  on  ditto. 
Ship,  Steam-ship  **  City  of  Bome,"  336.    See  Steam-ship. 
Bhipbuildino  Wobks,  Tisited  at  Barrow  meeting,  478-480. 
Bhoolbbu),  J.  N.,  Bemarks  on  Electric  lighting,  274. 
Sulmens,  C.  W.,  Bemarks  on  Steel  oampression  by  steam,  403  >-<fa  BoTening 

expansive  Yalye-gear,  444. 
Siemens  Dtnamo-Eubctrio    Maghihx,    266,    267,   268,   284.     See   Ele 

lighting. 
SuDiKG-BoLL  Mill  for  Plates,  87.    See  Plate  Boiling  Machinery. 
BMrrH,  W.  F.,  Bemarks  on  ChemofTs  papers  on  Sieel,  237. 
Snelus,  G.  J.,  Bemarks  on  Steel  compression  by  steam,  409. 
Spenceb,  £.,  Paper  on  Becent  improvements  in  the  Machinery  fiv  preparing 

Spinning  Cotton,  492.    Bemarks  on  ditto,  528. 
Spinkino  Machinebt  for  Cotton,  492.    See  Cotton  Spinning  Machinflsy. 

Jute  389.    See  Jute  Machinery. 
Stafford,  G.,  elected  Member,  310. 
8TEAM  CoMPEBssioir  of  Steel,  396.    See  Steel  compreirioiu 
BiEAM-BHip,  Paper  on  the  Steam-ship  *«City  of  BameT  by  J,  Hnmphiy^  886 

Development  of  British  mercantile  marine^  886.— Dimeiiiinnt  of  "Cttj 

Bome,*'    337.— General   features,  337.»AzzangeiiMot  of  bdkr  xooi 

338.^Stcm  post,  framing,  and  bLoU  platings  889.— Eki^giiie%  3Mr-Giu 
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i»ft,  341. — Partioolars  of  engines,  341. — BoQers,  342. — Internal  arrange- 
sots,  342. — ^Weight,  duplaoement,  and  capacity,  345. 
^Hseusrion, — ^Boyd,  W.,  Objectionable  use  of  gearing  for  "working 
Ivee,  345 ;  why  were  boilers  made  of  iron,  not  of  steel,  345. — OrmiBton, 
Adyantages  of  having  saloon  amidships,  346 ;  importance  of  adequate 
3ngth  in  long  ships,  346. — Reynolds,  E.,  Superiority  of  solid  to  hollow 
fts,  346. — ^Adams,  T.,  Greater  torsional  resistance  of  hollow  shaft,  348 ; 
enority  of  steel  plates  for  boilers,  348.— Hall,  W,  8.,  Natural  hollow 
cture  is  not  exposed  to  torsion,  348. — Paget,  A.,  Strength  of  hollow 
iboo,  348. — ^Reynolds,  E.,  Torsional  strength  distinct  from  long 
<iranoe  of  strains,  349. — Marshall,  F.  C,  Advantage  of  twin-screw 
•ngement,  349 ;  novelty  of  three  pairs  of  tandem  engines,  349 :  gearing 
iv-orking  the  valves  objectionable,  349 ;  hollow  crank-sbaft  how  built 
3^ ;  reciprocating  pump  why  preferred  to  centrifugal,  350 ;  boiler 
^  how  made,  350. — ^Humphrys,  J.,  Mode  of  building  up  crank- 
^  350. — Bobinson,  J.,  Advantages  of  ingot  iron  for  boilers,  351. — 
^'Xxison,  D.,  Superiority  of  hoUow  to  solid  shafts,  352 ;  varieties  of 
Uty  in  steel,  353 ;  advantages  of  three  pairs  of  tandem  engines,  353 ; 
^^metal  preferable  to  iron  for  boilers,  353. — Greig,  D.,  Steel  should 
supersede  iron  for  boilers  and  ships,  354. — Crampton,  T.  R.,  Steel 
6«  to  be  used  with  caution,  354. — ^Robinson,  J.,  Thick  plates  of  ingot 
^  for  locomotive  frames,  355. — ^Welch,  E.  J.  C,  Results  of  testing 
Ik  steel  plates,  355. — Marshall,  F.  C,  Use  of  very  thick  iron  plates  for 
2  Tie  boilers,  and  advantage  of  steel  plates,  356. — Reynolds,  E., 
I^ing  up  of  steel  cranks,  357. — Cowper,  C.  E.,  Suggestion  of  simple 
^«nclature  for  iron  and  steel,  357. — Cowper,  E.  A.,  Advantages  of  steel 
•^8  for  boilers  and  ships,  358 ;  use  of  iron  decks,  358. — Humphrys, 
^mple  security  in  use  of  gearing  for  slide-valves,  358 ;  boiler  plates  of 
^  on  account  of  size,  358;  position  of  saloon,  how  fixed,  359;  large 
^«l8  can  be  made  amply  strong,  360 ;  advantages  of  hollow  shaft,  360 ; 
o  of  tandem  engines,  360 ;  ditto  of  reciprocating  pumps,  361 ;  ships 
I.  be  built  of  steel  when  price  lower,  361. 

Mper  (1878)  on  the  structure  of  Cast-Steel  ingots,  by  D.  Chemoff, 
cialated  by  W.  Anderson,  152. — Previous  use  of  wrought  and  cast  iron, 
1— Early  attempts  at  steel  founding,  153. — Structure  of  stenl  ingot  cast 
metallic  mould,  153. — Cavity  in  upper  end,  154. — Bubbles  in  outer 
face,  155. — Form  and  growth  of  ditto,  156. — Setting  of  steel,  from 
hoe  inwards,  160. — Formation  of  crystals  in  ditto,  160. — Cause  of 
solar  fonnation  in  outer  layers,  164. — Granulation  in  cooling,  165. — 
Deable  cast  iron,  167. — ^Methods  of  overcoming  these  defects  in  steel 
thigs,  167. — ^First  method,  ingots  hammered  or  rolled  into  required 
pei^  168. — ^TestB  of  specimens  from  forged  ingot,  169. — Second  method. 
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oompresskm  of  floid  steel  during  setting,  170.— Besolts  ttUined,  171- 
Third  method,  use  of  chemical  reagents  to  arrest  farmatioQ  of  gues,  171 
— ^Ferro-manganeae-silicon   meltings   prodnoed    at   Tecre-Noire,  Hi- 
Soondneas  of  castings  produced,  175. — Arboresoenoes  inaide  bobUa  in 
oentnd  parts  of  steel  ingots,  176.— Mode  of  preventing  pcraitiefl  by 
rotation  of  ingots  while  cooling,  177.— Oentrifngal  casting,  17&'Kathff 
forging   nor   pressure   necessary   to   improve   steel,   179.  — TiUei  o( 
experiments  on  steel  at  Terre-Xuire  and  at  Abouchoff,  182-3. 
Steel,  Paper^  Remarks  on  Chemdfs  papers  on  steel,  by  W.  AndenoD,225.- 
Abouchoff  steel  works,  225.— GhemofTs  first  paper  on  the  maiinfiidDie  of 
steel,  226. — Second  paper  on  the  study  of  the  Bessemer  prooeo,  227.- 
Third  paper  on  the  structnre  of  cast-steel  ingots,  228.— EfEiect  of  oecloiled 
gases  on  hardening  and  tempering  of  st«?el,  228.— Bapidity  of  diffasoQ  ^ 
hydrogen  through  red-hot  steel,  229. — Specific  gravity  of  steel  appaKi^^ 
reduced,  but  really  increased  by  hardening,  229. — Softening  of  hirdeDed 
steel  by  slow  re-heating,  230.— Explanation  of  characteristic  ooloon  in 
tempering,  230. — Hughes'  induction-currents  balance,  231. 

Ducutnon. — Anderson  W.,  Hughes'  expariments  on  oednded  giMi 
with  steel  wire,  and  Roberts'  with  palladium  wire,  232. — Cowper,E.A^ 
Brass  wire  becomes  rotten  by  long  exposure,  232.— Hall,  W.  S.,  O^i^ 
in  tempering  analogous  to  mother-of-pearl,  233. — Cowper,  £.  A,Fnio'*^ 
eflGsct  of  cloee  fine  lines  on  steel  and  glass,  238.— Paget,  A.,  Such  oolooi 
entirely  different  from  colours  of  tempering,  233. — ^Hughes,  D.  in  ^ 
steel  is  mechanical  mixture  of  iron  and  carbon,  not  chemical  vkbji^ 
nor  alloy,  233 ;  demonstration  by  differences  in  electro-motive  Ibice,  234; 
demonstration  hy  electro-negative  force,  235. — Cowper,  E.  A.^  ^°^ 
difference  in  conducting  power  between  hard  and  soft  steel,  SSS.—Hngw* 
D.  E.,  Conducting  power  of  hard  steel  lower  than  of  soft,  235.-^*Bei,  J- 
Difficulty  of  hardening  cast-steel  collars  and  cutteza,  236;  irelding  o 
steel,  236 ;  form  of  edge  more  important  than  hardness  for  cnttiiig  tooH 
236.— Smith,  W.  F.,  Welding  of  steel  by  borax  and  sal  ammoDiM^' 
Cowper,  E.  A.,  Ditto  by  borax  alone,  237.— Hughes,  D.  E.,  Bteel  i««^ 
immediately  after  softening,  and  gradually  hardeni^  237.— F*S^' 
Conversely,  steel  when  too  hard  gradually  softens,  237 ;  stiail^t^i'^  ^ 
very  thin  steel  plates  inmiediately  after  hardening,  i^I.—^f^"""'^ 
W.  W.,  Hardness  of  Mushet's  unhardened  tool-steel,  238.— Bobioioi>*  ^ 
Ductility  of  cast  as  compared  with  forged  steel,  238.— Hssd,  Ja<Ba> 
Hammering  of  steel  ingots  now  superseded  by  roUing;  238.— Bobio*'*'' 
Rolling  has  similar  effect  to  hammering,  239. — Cowper,  £.  An  A^'^^^ 
in  oak  sawdust,  and  chilling  in  hot  water,  239. — ^Femie,  J^Jima^r^ 
of  annealing  and  re-steeling,  240. — James,  J.,  Annnaling  and  ttht'^'^ 
of  pinny  steel,  210.— Anderson,  W.,.Soft  steel  oqght  to  be  vctk^^  ^ 
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Mttd,  if  ^ontaiiUBg  carbon  as  graphite,  241 ;  effect  of  extreme  cold  upon 
rme  ateel,  and  npon  steel  containing  phosphorus,  241 ;  swelling  of  steel 
•n  hardening,  242 ;  eraoking  of  dies  used  for  coining.  242. — Robinson,  J., 
Uliptical  caaoks  inside  bars  of  unhardened  steel,  243. — ^Anderson,  W., 
tpeeiflo  grayity  really  greater  in  hardened  steel,  243;  annealed  steel 
astings  as  strong  as  steel  ibrgings,  243;  use  of  steam  pressure  in  costing 
teel  iBguts,  244. 

Pajwr  (1868)  on  the  Manu&ctnre  of  Steel,  and  the  mode  of  working  it« 
7  D.  Chemoff,  translated  by  W.  Anderson,  286. — Best  steel  e?er  made  is 

bonlat**  of  Tartars,  286.— Ribbons  of  dead  tint  in  steel  guns,  287.— 
EflEectt  of  steam  hammer  in  forging  ingots,  influence  of  temperature  in 
Bmpering,  and  of  agitation  in  cooling  of  melted  steel,  288. — Nitrogen  in 
teel,  289. — ^Influence  of  different  metals  un  quality  of  steel,  289. — 
?ungBten  steel,  290. — Law  regulating  change  of  structure  by  heating, 
90. — ^Power  of  steel  to  become  granular,  293. — Advantage  of  fine-grained 
tmeture,  294. — Forging  at  temperatures  above  amorphous  condition 
oea  not  increase  density  of  steel,  294. — ^Heavy  forging  necessary  fcr 
losing  bubbles  and  cracks,  295.— Strength  of  unforged  and  forged 
teel,  296. — Heated  ingot  must  be  forged  ns  quickly  as  possible,  296. — 
/rystallidation  in  steel  cooling  quietly  from  high  temperature,  297.— 
lode  of  correcting  crystallisation,  by  reheating  and  quickly  forging,  298. — 
Sxample  of  spoiling  large  steel  ingot,  299. — Cavity  in  forging,  300. — 
Welding,  301.— Forging  at  temperatures  below  amorphous  condition 
icreases  density  of  steel,  302. — Other  results  of  forging  at  low  temperature, 
03. — ^How  to  obtain  fine-grained  structure,  304. — Tempering  and  cooling, 
05. — niustration  by  fractured  specimens,  305. — Fixing  of  amorphous 
audition  by  plunging  heated  steel  into  water,  306. — Fine  grain  can  bo 
»tored  to  steel  that  has  become  crystalline,  307. — Tempering  of  steel 
un  linings  at  Woolwich  arsenal,  307. 

yOMFBBBBXON  BY  Steam,  Paper  ou  the  Steel-compressing  arrangements  at 
lie  Barrow  works,  by  A.  Davis,  896.— Causes  of  unsoundness  in  steel 
astings,  396. — Compression  of  fiuid  steel  by  high-pressure  steam,  396. — 
urrangements  at  Edgar  Thompson  Works,  397. — Ditto  at  Barrow  works, 
97.— Joint  for  lid  and  base  of  ingot  mould,  398.— Supply  of  steam,  398.— 
Lttempt  to  inject  water  through  cover  of  mould,  398. — Results  of  casting 
nder  steam  compression,  399. — Pressure  of  steam  required,  399. — 
idvantage  of  elastic  compressing  medium,  400. 

Dweustum. — Richards,  £.  W.,  Increased  soundness  of  steam-compressed 
igots  under  increased  pressure,  400 ;  gases  occluded  in  steel  are  hydrogen 
ad  nitrogen,  401 ;  necessity  of  expelling  gase.-i  to  get  sound  steel,  402. — 
iowper,  £.  A.,  Whether  mechanical  expulsion  of  gas,  or  chemical 
btorption,  402. — RicliarJs,  £.  W.,  Mechanical  expulsion  of  gas,  403. — 

2  u  2 
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t^.'-TT  ci  fSc^i  S:-?  Ljdrcg^D  than  car 
f  rescrc  prriAfclr  ccdsJe*  nnore  gfts,  411 
ef  bofaUfis.  411. — Hajes,  J^  Admlaaoa  of 
cdcpresBLii,  411 ;  krdimiilk  power  prelci 
SLarp«  T.  R*  Cactcg  of  epppcr  insote  i 
fnpeffi*:TitT  of  cicmieal  over  merlMuucal 
bcible*  ia  cast  lEcCal,  412;  adranta 
compUcated  cmttiz^  413.— Cowper,  R 
tefttirg  br  kyJiaulie  pitanne,  413. — ^Pig^ 
deTiicd  in  France,  414 ;  co]Dpre»ion  bj  i 
of  gaKoiu  picwire  and  of  solid  lam,  414^ 
adrantage  of  steam,  bj  forming  ammon 
gafcs  in  Edison's  experimenti^  415. — ^Tn 
ingots  subjected  to  pressme,  415. — ^Ridia 
from  steel  not  compressed,  415. — Davis^  i 
415;  prompt  applicatioD  of  presaare  to 
inventian  in  Fiance  and  America,  416 ;  v 
for  ingot  moulds,  417. 
Steel  Worss,  Barrow  Hiematite  Ca*s,  ristted  ■ 
hTiUDiAS,  F.,  Remarks  on  Barrow  Docks,  333. 
Stuxv AX,  F.  C^  Paper  on  the  Docks  and  Ra 

Fnmefs,  324. 
Stirling,  J.,  elected  Member,  1S6. 
KTBorDLET,  W.,  Bemarks  on  Automatic  action  i 
ifTBrcTCRE  OF  Cast-Steel  Ingots,  152.    See  Stt 
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J^  Jrv^  elected  Member  of  Conucil,  24.~Remarks  on  Brown's 
Liray  Looomotiye,  74 :— on  Automatio  aoUon  in  Brakea.  13r>. 
PajMT  on  Permanent  way  for  street  Tramways,  with  special  reference 
traction*  by  J.  D.  Laraen,  188.— Origin  and  growth  of  London 
iways,  188.  —  Di£Scalty  in  applying  steiim  traction,  189. — Early 
of  laying  tramways,  190. — ^Larson's  rails  and  side  fasteners,  192. — 
cramp  for  fixing  side  £Eutteners,  193. — ^McNeale's  side  fasteners,  193. 
^^tions  of  rails  for  Paris  tramways,  193. — Larsen's  improved  system  for 
traction,  194.— Barker's  system,  197.— Cowan's,  197.— Aldred's,  198. 
iby's,  198. — ^Wear  of  flange  in  tramcar  wheels,  199. — ^Mackisson's 
^^t:<ein,  199. — General  oonolusions,  200. — Cost  of  different  systems  of 
^'^'^naiient  way,  201. — Tractive  resistance  on  tramways,  202. 

-^Ducumon. — ^Lynde,  J.  G.,  Oomparatiye  cost  of  tramways,  203 ;  rigidity 

^'C^>«8aary  in  permanent  way,  203;    advantage  of  continuous   cast-iron 

^^^per,  204;    material  and  laying  of  rails,  205;   prices   of  Barker's 

^^^^manent  way,  206. — ^Bapier,  E.  C,  Best  construction  should  be  preferred, 

tive  of  cost,  206 ;  desirability  of  wider  rail-surface,  207 ;  compressed- 

and  hot-water  engines  for  tramways,  208. — Robinson,  J.,  Danger  of 

^rses  slipping  on  wide  rails,  208 ;  advantages  of  Barker's  system,  209; 

^^tdequacy  of  Paris  tramways  for  steam  traction,  209 ;  engines  should  have 

^Xort  wheel-base  aud  all  wheels  coupled,  210 ;   higher  frictional  resistance 

^^  tramways  than  on  railways,  210. — Rapier,  R.  C,  Tramrail  should  be  at 

^bast  as  wide  as  shoe  of  horse,  210 ;  irou  surface  less  slippery  than  granite, 

^  11.— Paget,  A.,  Iron  surface  more  slippery  than  granite,  211.— Rapier, 

^  C,  Absence  of  slipping  on  wide  tramrails  iu  Glasgow,  211 ;  description 

%jid  cost  of  Glasgow  tramways,  211.— Crampton,  T.  R.,  Solid  bottom 

ir^'oessary  for  tmmroad,  212  ;  advantages  of  Barker's  system  as  compared 

^ith    Larsen's,   212;    narrower  gauge    to  be  preferred  for  tramways, 

^13.— Holt,  W.  L.,  Difficulties  of  steam  traction  in  Paris,  213 ;   wider  rail 

Wanted  for  steam  than  for  horse  traction,  213 ;    advantage  of  Wiuby's 

system,  214. — Head,  Jeremiah,  Elasticity  on  railways  obtained  by  Wood's 

"wrought-iron  cross  sleepers,  214  ;  not  so  mucli  a  question  of  material  as  of 

form,  215 ;  wooden  sleepers  inferior  to  iron,  215. — Winby,  F.  C,  Section  of 

tramrail  and  method  of  rolling,  215 ;  separate  head  now  unnecessary  for 

grooved  rail,  216;  3  ft.  gauge  sufficient  for  tramways,  217;    elasticity 

unnecessary  in  tramwa^,  217 ;   length  of  tramway  laid  in  one  piece,  217 ; 

width  of  rails,  grooves,  and  wheel  flanges,  217;     tramways  as  laid  in 

Nottingham,  217. — ^Williams,  R.  P.,  Endurance  of  tramways  under  steam 

traction,  218 ;  resistance  to  traction  on  tramways,  219 ;  elasticity  essential 

for  durability,  219. — Robinson,  J.,  What  was  the  section  of  tramrail  which 

gave  high  tractive  rcbistance,  219. — Cowper,  C.  E.,  Disadvantage  of  horses 

stepping  from  street  pavement  to  wide  tramrail,  220. — Schiinheyder,  W., 
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How  la  paving  brought  doee  np  to  tramrail,  220. — Winby,  F.  C. 
setts  paokdd  up  underneath  with  sand,  220. — Oowper,  £.  A.,  Shocks 
heavy  weights  passing  octom  tramrail,  220 ;  grooves  too  wide  in  rails, 
thin  steel  flanges  for  wheels,  221.— Lynde,  J.  G.,  Flanges  of  Barker     ^ 
not  broken,  221. — ^Larsen,  J.  D.,  Best  tramways  he  had  seen  wer^^ 
Manchester,  221 ;   only  objection  to  Barker's  system  was  the 
sleepers,  222 ;  width  and  depth  of  groove  in  tramrails,  222 ;  first 
tramways,  222 ;  number  of  wheels  for  tramway  engines,  222  ;   founds.  t=: 
below  sleepers,  223 ;  advantage  of  separate  rail  head,  223. 

Tbamwat  Looomotives.    0.  Brown's,  44.     Franoq's  Fireless^   37.     Hng-b* 
57--62.    See  Looomotives. 

TwEDDBLL,  B.  H.,  Bemarks  on   Bye-Laws,    35 :— on  Water-pressure  mlTB 
Engines,  258,  261 :— on  Steel  compression  by  steam,  415 :— on  Stan*^' 
Gauge  for  high  pressures,  474. 

Ttleb,  Sir  U.,  Bemarks  on  Automatic  action  in  Brakes,  128-132. 

XJnitebsal  BoLLiyQ  Mill  for  Plates,  84.    See  Plate  Boiling  Machinery. 

Yalon,  W.  a.  M.,  elected  Member,  310. 

Valve,  Trick  or  Allen  Slide-Valve,  432,  44ft. 

Valve-Gear,  Paper  on  a  new  reversing  and  expansive  Valve-Gear,  hy^ 
Joy,  418. — Gray's  valve-motion  for  locomotives,  418. — Link  motion,    -^ 
— Other  valve-gears,  420. — Description  of  new  valve-gear,  421. — Gon^^ 
lead  for  forward  and  backward  motion,  and  for  all  grades  of  expansion,    -^ 
— Application   to   marine,   horisontal,  and  locomotive    engines,  42^ 
Advantages  of  new  gear,  424. — Greater  correctness  of  new  gear,  4S'^ 
Total   pressures   in   up   and   down   stroke  of  vertical  engine,  42^? 
Examination  of  valve-path  diagrams,  426. — Higher  grades  of  expand*  ^^ 
428.~Greater  accessibility  of  new  gear,  428. — ^Whcde  gear  is  alwaj-^ 
useful  action,  428. — Facility  of  repairs,  429. — Greater  ease  of  reversing,  -4  -^ 
DiteumoH, — Marshall,  F.  C,  Description  and  advantage  of  his  o* 
valve-gear,  4S0 ;  indicator  diagrams,  431. — ^Webb,  F.  W.,  Applioatiofi 
«Toy*s  gear  to  goods  locomotive,  432 ;  indicator  diagrams,  432 ;  Trick  ^ 
Allen  slide-valve,  432 ;  improvements  in  details  of  engine,  433 ;  fire-bo^ 
fix^t-plates,  &c.,  434 ;  desirability  of  uniform  dimensions  in  engines,  434. — ' 
Cowper,  E.  A.,  Whether  any  twist  Irom  longer  bearings,  i34. — "Webb^ 
F.  W.,  Easing  of  bushes  and  brasses  allows  ample  play,  485. — Kitaon, 
J.  11.,  Modification  of  Walsehaert  valve-gear  for  steam  tiamcar,  485.— 
Humphrvs,  J.,  Advontigee  of  Joy*s  valve-gear,  436 ;  i^ppUcatioci  to  mstins 
ongin««,  4;vr.— Bovd,  AT.,  Practical  objection  to   taking   motion   from 
c*^nmvting^rod  in  marine  engine,  438;  onateady  molioii  of  lefers  sad 
Uuk^  43S:  too  gnat  sliding  moiioii  of  valve-Uoek^  439.— BoUiiiQii,  J-, 
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Great  wear  of  block  sliding  in  sbt,  439 ;  pins  objectionable  for  oscillating 
notion,  440. — ^Paget,  A.,  Comparatiye  travel  of  sliding  block  and  of 
eccentric,  440. — ^Boyd,  W.,  Circular  motion  of  eccentric  is  preferable  to 
reciprocating  motion,  440. — ^Webb,  F.  W.,  Comparative  travel  of  eccentrics 
and  of  sliding  block,  440;  number  of  pins,  441. — Head,  Jeremiah, 
Comparison  with  box-link,  441 ;  oblique  thrust  in  Joy's  gear,  441 ;  facility 
of  replacing  worn  parts  by  duplicates,  442 ;  eocentrics  disadvantageous 
when  large,  442 ;  adjustment  in  Joy's  gear  to  compensate  for  wear,  443; 
extent  of  steam  admission  in  mid-gear,  443. — Siemens,  C.  W.,  Important 
advantages  of  Joy*s  motion,  444 ;  swing-link  preferable  to  slide-block,  445. 
— Beynolds,  K,  Former  proposed  arrangement  of  valve-gear,  445; 
Hawthorn's  and  Hackworth's  motions,  445. — Marshall,  F.  C,  Sliding 
motion  hindered  success  of  Hackworth's  gear,  446;  serious  wear  of 
connecting-rod  ends  in  marine  engines,  446. — Cowper,  E.  A.,  Ericsson's 
valve-motion,  446 ;  pxx>blem  to  oombiue  longitudinal  motion  for  lead,  with 
side  motion  for  travel,  447;  Hackworth's  and  Hawthorn's  gears,  447; 
Joy's  gear  with  sliding  block,  and  with  vibrating  link,  447 ;  inconvenience 
of  attachment  to  oonnecting-rod,  448;  advantage  of  ample  room  for 
bearings,  448 ;  reduction  of  compression  by  cutting  out  inside  of  slide- 
valve,  448. — Joy,  D.,  In  Marshsll's  gear  only  one  eccentric  removed,  and 
engine-room  not  shortened,  449 ;  uncorrected  errors  in  gear,  compensated 
by  double  port  at  top  end,  450 ;  inappreciable  effect  of  wear  in  oonnecting- 
rod  upon  motion  of  valve,  451 ;  replacing  of  worn  bushes  and  pins,  452 ; 
less  movement  in  links  of  new  gear  than  in  air-pump  lever  gear,  452 ;  wear 
from  sliding  of  block,  452 ;  substitution  of  radius  links,  452 ;  wear  less 
than  of  eccentrics  or  slide-bars,  453;  precedent  in  slide-valves  for 
oscillating  marine  engines,  453 ;  ease  of  reversing  with  new  gear,  453 ; 
Beynolds'  gear,  453;  distinctive  features  of  Brown's  and  Hackworth's 
gears,  454 ;  even  wear  from  end  to  end  of  slot  in  new  gear,  454. 

^-^VB-Geab.  Box-link,  441.  Brown's,  46,  48,  445,  446,  454.  Ericsson's,  446. 
Hackworth's,  430,  445,  446,  447,  450,  454.  Hawthorn's.  445,  447.  Joy's, 
418,  480.  Eitson's,  435.  Marshall's,  430,  439,  449.  Reynolds',  445,  453. 
Trick  or  Allen  Slide-Valve,  432,  448.    Walschaert's,  435. 

^ons  or  Thanks,  to  Besearch  Conmiitteo  and  Honorary  Bcporters,  23: — to 
Betiring  President,  26,  27 : — to  Inbtitution  of  Civil  Engineers  for  use  of 
moms,  151,  285:— to  President  for  Address,  320: — at  Summer  Meeting, 
Barrow,  476. 

^ADHAM,  E.,  Welcome  to  members  at  Barrow  Meeting,  309. — ^Remarks  on 
Fumess  Iron  Mines,  369,  371,  372.— Vote  of  thanks  to,  476.— Luncheon  to 
members,  478. 

Wateb-Pbesstbe  Ekoikes  for  mining  purpoecs,  245.    See  Engines. 


Wp:ymocth,  F.  M.,  elected  Graduate,  186. 

Whitwouth's  Fluid-Compressed  Steel.  171,  179,  180,  181. 

AViLLiAMs,  £.,  Remarks  on  PresideDt's  address,  320. 

Williams,  B.  P.,  elected  Member  of  Coanoil,  24. — ^Remarks  on  Automatic  act 

in  Brakes,  133 :— on  Permanent  way  fox  Tramways,  218. 
Wilson,  B.,  elected  Member,  9. 
WiNBT,  F.  0.,  Bemarks  on  Brown's  tramway  Locomotive,  63 :— on  Perman 

way  for  Tramways,  215,  220. 
WiNBT*8  permanent  way  for  Tramways,  198, 215, 220.    See  Tramways. 
WiNDERMEBB  Lakb,  Tlsited  at  Barrow  meeting,  480,  488, 
Wood,  J.  M.,  elected  Graduate,  10. 
Wood's  wronght-iron  oross  sleepers  for  railways,  214. 
WoBKS  visited  at  Sunmer  meeting,  Barrow,  478. 

Yates,  W.,  elected  Member,  489. 

Yeomans,  D.  M.,  Bemarks  on  Automatic  action  in  Brakes,  136. 

YoBK,  F.  C,  elected  Graduate,  186. 

ZiTTEB,  F.  H.,  elected  Member,  9. 


Vll. 
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WITH  YEAR  OF  ELECTION. 


1880. 


HONORABY  LIFE  MEMBERS. 

1865.  1>owniiis,   Samael,  LL.D.,  trinity  College,  Dublin;   and  4  Tlie  Hill, 

Monkntown,  near  Dublin. 
1873.  lAndaaj,  Ix)rd,  M.P.,  P.R.S.,  47  Brook  Street,  Groavenor  Square,  London, 

W. :  and  Haigh  Hall,  Wigan. 
1867.  Morin,  General  Arthur,  Director,  Gonserratoire  National  des   Arts  et 

Madera,  Paris. 
1878.  Bayleigh,  Lord,  F.R.S.,  4  Garlton  Gardens,  London,  S.W. ;  and  Terling 

Place,  Witham,  Essex. 
1867.  Tresoa,  Henri,  Engineer  Sub-Director,  Conservatoire  National  des  Arts 
et  Metiers,  Paris. 


MEMBERS. 

1878.  Abbott,  Thomas,  Northgate  Iron  Works,  Newark. 

1861.  Abel,    Charles   Denton,    Messrs.    Abel   and    Imray,    20    Southampton 
Buildings,  London,  W.C. 

1874.  Aberuethy,  James,  4  Delahay  Street,  Westminster,  S.W. 
1876.  Adams,  Henry,  60  Queen  Victoria  Street,  LondoD,  E.C. 

1875.  Adams,  Thomas,  Ant  and  Bee  Works,  West  Gorton,  Manchester. 

1879.  AHAing^  William,  Locomotive  Superintendent,  London  and  South  Western 

Railway,  Nine  Elms,  London,  S.W. 
1848.  Adamfly  WHliam  Alexander,  Walford  Manor,  near  Shrewsbury. 

B 
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1859.  Adamson,  Daniel,  Engineering  Works,  Dukinfield,  near  3Ianchestcr  ; 
The  Towers,  Didsbory,  Manchester. 

1871.  Adamson,    Joseph,    Messrs.    Joseph    Adamson    and    Co.,    Hjde, 

Manchester. 
1878.  Adcock,  Francis  Louis,  Poet  Office,  Gape  Town,  Cape  of  Good  B 

(or  care  of  William  B.  Adcock,   17  Rue  NeuTe  de  Berry,  Hj 

France.) 
1851.  Addison,  John,  6  Delahay  Street,  Westminster,  S.W. 
1858.  Albaret,  Augnste,  Engine  Works,  Liancomt-Bantigny,  Oise,  Franca. 
1870.  Alexander,  Alfred,  King  William's  Town,  Cape  of  Good  Hope:  (or  tam 

William  Alexander,  East  Cranhams,  Cirenoester.) 
1847.  Allan,  Alexander,  Glen  House,  The  A^alley,  Scarbonmgh. 

1875.  Allan,  Greorge,  Savile  Street  Engineering  Works,  Sheffield. 
1865.  Allen,  William  Daniel,  Bessemer  Steel  Works,  Sheffield. 

1870.  Alley,  John,  Engineer  and  Contractor,  Moscow. 

1877.  Alley,  Stephen,  Messrs.  Alley  and  MacLellan,  2  Peel  Street,  Loudoa  ^ 

Glafgow. 
1865.  Alleyne,  Sir  John  Q^j  Newton,  Bart.,  Chevin,  Helper. 

1872.  Alliott,  James  Bingham,  Messrs.  Manlove  Alliott  and  Ca,  Blooox^S 

Works,  Dkeeton  Road,  Nottingham. 

1876.  Allport,  Charles  James,  11  Queen  Victoria  Street,  London,  E.C. 

1871.  Allport,  Howard  Aston,  Bestwood  Coal  and  Iron  Co.,  Nottinghaom  '■ 

The  Park,  Nottingham. 
1861.  Amos,  Churlcs  Edwards,  5  Cedars  Boad,  Clapham  Common,  London,    ^ 
1867.  Amos,  James  Chapman,  West  Bamet  Lodge,  Lyooadown,  Bamet 
1876.  Anderson,  Henry  John  Card,  42  Queen  Anne*s  Gate,  Westminster,  8» ' 
1880.  Anderson,  James,  Vyksoumaky  Iron  Works,  Mouram,  Russia. 
1856.  Anderson,  Sir  John,  LL.D.,  F.R.S.E.,  Fairleigfa,  The  Mount,  St.  Leon^ 

on-Sea. 
1856.  Anderson,  William,  Measra.  Eastons  and  Anderson,  Erith  Inn  W^* 

Erith,  London,  S.R;  and  3  Whitehall  Place,  London,  8.W. 

1878.  Angas,  William  Moore,  Imperial  CoUege  of  Engineering,  Tokei,  Jsf 

(or  care  of  G.  D.  Angas,  Neswick,  Driffield.) 
1858.  Appleby,    Charles    Edward,   Charing    CroM   Chamben,    Duke  Sfr" 

Adelphi,  London,  W.C. 
1867.  Appleby,  Charles  James,  Measrs.  Appleby  Brothen^  89  Oannon  8tp« 

London,  E.C. ;  and  East  Greenwich  Works,  London,  S.E. 
1874.  Aramburu  y  SilTa,  Fernando,  Messrs.  Armmbuni  and  Soni^  Gvtritf 

Manufacturers,  Calle  de  1a  YiigeQ  de  las  ^*i*rmmt^  Madrid:  (<ir  eutf 

Manuel  Cardenosa,  86  Great  Tower  Streel^  Lcodon,  KC) 
1874.  Archer,  David,  General   Manager,  Mean.  Brown  Maiiballt  tad  ^ 

Britannia  Railway  Oairiage  and  Wagon  Worik% 


MEMBEBS.  IX. 

1859.  Armitage,  William  Jame?,  Famley  Iron  Works,  Leeds. 

1879.  Armstrong,  Alexander,  Cargill  Street,  Dunedin,  Otago,  New  Zealand. 

1866.  Armstrong,    George,  Great   Western  Railway,  Locomotive  Department, 

Stafford  Road  Works,  Wolverhampton. 
1863.  Armstrong,  John,  Timber  Works  and  Saw  Mills,  17  North  Bridge  Street, 

Sunderland. 

1876.  Armstrong,  William,  Jan.,  Mining  Engineer,  Wingate  Colliery,  County 

DorhauL 
1858.  Armstrong,  Sir  William  George,  C.B.,  D.C  L.,  LL.D.,  F.U.S.,  Elswick, 

Newcastle-on-Tyne ;  and  Cragbide,  Morpeth. 
1870.  Armstrong,  William  Irving,  Timber  Works  and  Saw  Mills,   17   North 

Bridge  Street,  Sunderland. 
1873.  Arnold,  David  Nelson,  Manager,  Midland  Wagon  Works,  Lander  Street, 

Birmingham. 

1879.  Arrol,  Thomas  Arthur,  Manager,  Messrs.  P.  and  W.  MacLellan^  Glutha 

Iron  Works,  Glasgow. 
1857.  Ashbury,  James  Lloyd,  66  Grosvenor  Street,  London,  W. 
1873.  Ashbury,  Thomas,  Managing  Director,  Ashbufy  Railway  Carriage  and 

Iron   Works,    Openshaw,    Manchester;    and    215    Plymouth   Grove, 

Manchester.    {Life  Member.) 

1877.  Aatbury,  James,  Smethwiok  Foundry,  near  Birmingham. 

1870.  Atkinson,  Charles  Fanshawe,  Messrs.  Marriott  and  Atkinson,  Fitzalan 

Steel  Works,  Sheffield. 
1875.  Atkinson,  Edward,  Messrs.  Richards  and  Atkinson,  Bank  Street,  Royal 

Exchange,  Manchester;   and  4  Richmond  Hill,  Bowdon,  Cheshire. 

{Life  Mtsniber.} 
1869.  Austin,  William  Lawson,  Messrs.  Austin  and  Dodson,  Cambria  Steel  and 

File  Works,  Arundel  Street,*Sheffield. 
1869.  Aveling,  Thomas,  Messrs.  Aveling  and  Porter,  Rochester. 

1872.  Bagshaw,  Walter,  Messrs.  J.  Bagshaw  and  Sons,  Victoria  Foundry,  Batley. 
1865.  Bailey,  John,  Messrs.  Courtney  Stephens  and   Bailey,  Blackball  Place 

Iron  Works,  Dublin. 
1860.  Bailey,    Samuel,    Mining    Engineer,    Perry    Pont    House,  Perry    Barr, 

Birmingham. 

1880.  Baillie,  Robert,  Messrs.  West  wood  Baillie  and  Co.,  London  Yard  Iron 

Works.  Poplar,  London,  E. 
1872.  Bailly,  Philimond,  62  Rue  de  la  Yictoire,  Paris. 
1880.  Bain,  William  Neish,  Messrs.  Kyle  and  Bain,  Hong  Kong  Ice  Works, 

Eastpoint,  Hong  Kong,  China:  (or  care  of  George  OgUvie,  110  George 

Street,  Glasgow.) 
1873.  Baird,  George,  St.  Petersburg ;  and  5a  Cork  Street,  Burlington  Gardens, 

London,  W. 
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18G6.  Baker,  Samuel,  Engine  and  Boiler  Works,  22  Oil  Street,  Liverpool. 
1875.  BakeweU,  Herbert  James,  Engineer,  Department  of  the  Controller  of  tlie 

Navy,  Admiralty,  Whitehall,  London,  S.W. 
1879.  Baldwin,  Thomas,  Chief  Engineer,  Kutual  Boiler  InBUzance  Company, 

Victoria  Street,  Manchester. 

1877.  Bale,  Manfred  Powis,  20  Budge  Bow,  Cannon  Street,  London,  E.C. 

1879.  Banderali,  David,  Assistant  Locomotive  and  Carriage   Superintendent, 

Chemin  de  fer  da  Nord,  Paris. 
1870.  Barber,  Thomas,    Mining    Engineer,  High    Park    Collieries,   Eastwood, 

Nottinghamshire. 

1870.  Barclay,  Arthur,  12  York  Street,  Covent  Garden,  London,  W.O. 
1860.  Barker,  Pati,  Church  Boad,  Yardley,  near  Birmingham. 

1875.  Barlow,  WiUiam  Henry,  F.R.S.,  2  Old  Palace  Yard,  Westminster,  S.W. 

1866.  Barnard,  Clement,  4  Billiter  Square,  London,  KC. 

1878.  Barr,  James,  Works  Manager,  Messrs.  Duncan  Stewart  and  Co.,  London 

Road  Iron  Works,  Glasgow. 

1879.  Barratt,    Samuel,    Engineer    and   Manager,    Corporation    Gas   Works, 

Gaythorn  Station,  Hulme,  Manchester. 
1862.  Barrow,  Joseph,  Messrs.  Smith  Beacook  and  Tannett,  Victoria  Foundry, 
Leeds. 

1867.  Barrows,  Thomas  Welch,  Messrs.  Barrows  and  Stewart,  Portable  Engine 

Works,  Banbury. 

1871.  Barry,  John  Wolfe,  23  Delahny  Street,  Westminster,  S.W. 

1860.  Batho,    William     Fothergill,    9    Victoria    Chambers,    Victoria    Street 
Westminster,  S.W. 

1872.  Buyliss,  Thomas  Richard,  Adderley  Park  Rolling  Mills  and  Metal  Works, 

Birmingham  ;  and  Belmont,  Northfield,  Birmingham. 
1877.  Beule,  William  Phipson,  6  Stone  Buildings,  Lincoln'd  Inn,  London,  W.C. 
1869.  Beattie,  WiUiam  George,  Junior  AUiensBum  Club,  Piccadilly,  London,  S.W, 

1880.  Beaimiont,  William  Worby,  163  Strand,  London,  W.C. 

1859.  Beck,   Edward,   Dallam    Forge,    Warrington;     and   21    Bdd    Street, 
Warrington.    {Life  Member.) 

1873.  Beck,  William  Henry,  139  Cannon  Street,  London,  RC. 

1875.  Beck  with,  John  Henry,  Engineer  to  Messrs.  W.  and  J.  Galloway  and  Sousi 

Knott  Mill  Iron  Works,  Manchester. 
1875.  Beelcy,  Thomas,  Engineer  and  Boiler  Maker,  Hyde  Jnnction  Iran  Worle-: 

Hyde,  near  Manchester. 
1858.  Bell,  Isaac  Lowthian,  F.R.S.,  Clarence  Iron  Works,  Mlddlesbfongh ;  s^ 

Rounton  Grange,  Northallerton ;  and  16  Eaton  Place,  I/mdoii,  8.W. 
1880.  Bell,  William  Henry,  Sir  W.  G.  Armstrong  and  Co.,  Oentml  Chamb^j 

Liverpool. 
1879.  Bellamy,  Charles  James,  38  Parliament  Street^  Wettmiiisften  8.W. 
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1857.  BeUhonse,  Edward  Taylor,  Eagle  Foundry  and  Iron  Works,  Hnnt  Street, 

Oxford  Street,  Manchester. 
1868.  Belliss,  George  Edward,  Steam  Engine  and  Boiler  Works,  Ledsam  Street, 

Birmingham. 

1878.  Belaham,  Maurice,  6a  Yictoria  Street,  Westminster,  S.W. 
1854.  Bennett,  Peter  Duckworth,  Horseley  Iron  Works,  Tipton. 
1877.  Bennett,  Thomas  Oldham,  Post  Office,  Melbourne,  Victoria. 
1872.  Bennett,  William,  Jun.,  38  Sir  Thomaa'  Buildings,  Liverpool. 

1879.  Bergeron,  Charles,  2  Edinburgh  Mansions,  Victoria  Street,  Westminster, 

S.W. 

1861.  Bessemer,  Sir  Henry,  F.B.S.,  Denmark  Hill,  London,  S.E. 

1866.  Bevis,  Bestcl  Batsey,  Messrs.  Laird  Brothers,  Birkenhead  Iron  Works, 
Birkenhead ;  and  Manor  Hill,  Birkenhead. 

1874.  Bewick,  Thomas  John,  Mining  Engineer,  Haydon  Bridge,  Northumber- 
land. 

1870.  Bewlay,  Hubert,  Birmingham  Heath  Boiler  Works,  Spring  Hill, 
Birmingham. 

1861.  Binns,  Charles,  Mining  Engineer,  Clay  Cross,  near  Chesterfield. 

1877.  Birch,  Bobert  William  Peregrine,  2  Westminster  Chambers,  Victoria  Street, 
Westminster,  S.W. 

1866.  Birkbeck,  John  Addison,  112  Grange  Road,  Middlesbrough. 
1847.  Birley,  Henry,  Halgh  Foundry,  near  Wigan. 

1875.  Bisset,  William  Harvey,  Board  of  Trade  Surveyor,  St.  Katharine  Dock 
House,  London,  E. ;  and  45  Highbury  Quadrant,  London,  N. 

1879.  Black,  William,  Messrs.  Black  Hawthorn  and  Co.,  Gateshead. 

1862.  Blake,  Henry  Wollaston,  F.B.S.,  Messrs.  James  Watt  and  Co.,  90  Leadenhall 
Street,  London,  KC. 

1867.  Bleckly,  John  James,  Bewsey  Iron  Works,  Warrington;  and  Daresbury 

Lodge,  Altrincham. 
]863w  Boeddinghaus,  Julius,  Machine  Works  and  Iiou  Foundiy,   Dtisseldorf, 

Germany. 
1872.  Boistel,  Georges,  8  Bue  Picot,  Avenue  du  Bois  de  Bouloprne,  Paris. 
1680.  Borodine,  Alexander,  £ngineer-in-Chief,  Russian  South  Western  Railways, 

Kicff,  Russia. 
1869.  Borrie,  John,  New  Exchange  Buildings,  Mildlesbrough. 
1862.  Bouch,  Sir  Thomas,  111  George  Street,  Edinburgh. 

1878.  Bourdon,  Francois  Edouard,  74  Faubourg  du  Temple,  Paris :  (or  care  of 

Messrs.  Negretti  and  Zambra,  Holborn  Yiaduct,  London,  E.C.) 

1879.  Bourne,  William  Temple,  Messrs.  Bourne  and  Grove,  Bridge  Steam  Saw 

Mills,  Worcester. 
1879.  Bovey,  Henry  Taylor,  Professor  of  Engineering,    McGill    University, 
Montreal,  Canada. 
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Yezelay,    Paria:   (or    care  of   Mes^n.   Fry  Uiera  and   Co.,  8  Q 

WinchcBfer  Street,  London,  E.C.) 
Bradley,  Fn^crk'k  Aiigiutus,  39  Queen  Victoria  Street,  London,  E.C. 
Bragge,  '\VUli;iiii,  Shirla  Hill,  Hanistead  Road,  BJriuiDgham. 
Braitliwaite,  Charlee  C,  S5  King  William  Street,  London  Bridge.  Lom 

E.C. 
Braithwaile,     Bicbard    Cbarlea,     Manager,    Old      Park     IniD    Wo 

Weilnesbury. 
Bramwell,      Frederick    Joseph,     F.R.S,,     37     Great     George    Ett 

Wcatminater,  S.W, 
Breeden,  Juaeph,  Mifl^rs.   Brceden   and  Bootli,  Cheeptide   Work*, 

Clieapside,  Binuinghnm. 
Broadbent,  Tliomaa,  Chapel  Hilt  Iron  Works,  Undderefield. 
Brock,  Waller,  Messra.  Denny  and  Co..  Engine  Works,  Dombartoik. 
Bn>dic,John  Slianka,  Aaaistantto Borough  ikndWalet  Engineer,  Uunk 

OlBcea,  Liverpool. 
Brogiicn,   llenrj,    Uale   Lodge,   Altrinrbam,   near    Manchesttri.     <J 

Jf ember.) 
Bromley,  Hassey,   Locomoiivo  Superintendent,  Great   Eastern   Bails 

Blratford,  London,  E. 
Brujihy.  Micliiiel  Mary,  Messrs.  Jamea  Slater  and  Co.,  251  High  Holba 

London,  W.C. 
Brotherhood,  Peter,  liG  Complon  Street,  Goaircll  Boad,  Lnndim,  E.C.;  u 

25  Ladbroke  GatdeiiB.  Noltiiig  Hilt,  London,  W, 
BrnvD,  Andrew  Bett»,  Mesara.  Brown  BrotLera  and  Co^  BoKlaui:  Inx 
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1869.  Browne,  BeDJamin  Chapman,  Messrs.  H.  and  W.  Hawthorn,  NewcasUe-on- 

Tyne. 
1874.  Browne,  Tomyns  Reginald,  Assistant  District  Locomotive  Superintendent, 

East  Indian  Railway,  Allahabad,  India :  (or  care  of  Messrs.  B.  Smyih 

and  Co.,  1  New  China  Bazaar  Street,  Calcutta.) 

1869.  Browne,    Walter    Raleigh,    10    Victoria    Chambers,    Victoria    Street. 

Westminster,  S.W. 
1874.  Bnioe,   George    Barclay,    2    Westminster    Chambers,    Victoria    Street, 

Westminster,  S.W. 
1867.  Bmoe,  William  Duff,  Vice-Chairman,  Port  Commission,  Calcutta. 
1873.  Brunei,  Henry  Hare,  23  Delahay  Street,  Westminster,  8.W. 

1870.  Brunlees,  James,  5  Victoria  Street,  Westminster,  S.W. 

1872.  Brunner,  Henry,  Messrs.    John    Hutchinson    and    Co.,    Alkali   Works, 

Widnes ;  and  Cliff  House,  Appleton,  Widnes. 
1866.  Bryham,  William,  Rose  Bridge  and  Douglas  Bank  Collieries,  near  Wigan. 

1873.  Buckley,    Robert   Burton,   Executive    Engineer,   Indian   Public   Works 

Department,  Seebpore,  Calcutta :  (or  care  of  H.  Burton  Buckley,  1  St. 
Mary's  Terrace,  Paddington,  London,  W.) 
1877.  Bnckley,  Samuel,  Messrs.  Buckley  and  Taylor,  Castle  Iron  Works,  Oldham. 

1874.  Buddioom,  William  Barber,  Penbedw  Hall,  Mold,  Flintshire. 

1872.  Badenberg,  Arnold,  Messrs.  Schaeffer  and  Budenberg,  1  Southgate,  St 
Mary's  Street,  Manchester. 

1877.  Burgess,  James  Fletcher,  Messrs.  Ormerod  Grierson  and  Co.,  5  Westminster 

Chambers,  Victoria  Street,  Westminster,  S.W. 
1874.  Bum,  William  Edward,  171  Portland  Road,  Newcastle-on-Tyne. 

1878.  Burnett,  Robert  Harvey,  Locomotive  Superintendent,  Government  Railways, 

Sydney,  New  South  Wales :  (or  care  of  Messrs.   Bicknell  and  Hortio, 
161  Edgware  Road,  London,  W.) 
1878.  BurreU,  Charles,  Jun.,  Messrs.  Charles  Burrell  and  Sons,  St.  Nicholas 

Works,  Thetford. 
1871.  Burrows,  James,  Douglas  Bank,  Wigan. 
1877.  Burton,  Gierke,  Post  Office  Chambers,  Bute  Docks,  Cardiff. 
1870.  Bury,  William,  5  New  London  Street,  London,  E.C. 
^856.  Butler,  Ambrose  Edmund,  Kirkstall  Forge,  near  Leeds. 
1859.  Butler,  John,  Stanningley  Iron  Works,  near  Leeds. 


^^.  Csbry,  Joseph,  Resident  Engineer,  Blyth  and  Tyne  Railway,  Newcastle- 
on-Tyne. 

*877.  Campbell,    Angus,   Superintendent   of   the    Government   Foundry    and 

Workshops,  Roorkee,  India. 
^^.  Campbell,  Daniel,  3  Westminster  Chambers,  Victoria  Street,  Westminster, 
S.W. 


181)4.  Campbell,  David,  151  Eglintou  Street,  Glasgow. 

1  vSG9.  Campbell,  James,  Hunslet  Engine  Works,  Leeds. 

1860.  Carbutt,  Edwaid  Hamer,  M.P.,  St.  Ann's.  Burlej,  Leeds;  and  23  Wilto 

Crescent,  Belgravc  Square,  London,  8.W. 
1878.  Cardew,     Cornelias      Edward,      Deputy     IXHSomotire      and      Carriage 

Superintendent,  Rajputana  State  Hallway,  Ajmeer,  India:   (or  can 

of  Messrs.  King,  King  and  Co.,  Bombay.) 

1875.  Cardozo,  Francisco   Correa  de   Mesquita,   Bfessrs.    Cardozo   and    Irm&o 

Pcmambuoo  Engine  \yorks,  Pemambuoo,  Brazil:  (or  care  of  Mewra 
Fry  Micrs  and  Co.,  8  Great  Winchester  Street,  London,  E.G.)    {Lift 
Member.) 
1878.  Carlton,  Thomas  William,  Messrs.  Taite  and  Carlton,  G3  Queen  Yictoria 
Street,  Ix)ndon,  E.G. 

1869.  Cari)mael,  Frederick,  Highfield,  Knockholt,  near  Sevenoaks. 
1866.  Carpmael,  William,  24  Southampton  Buildings,  I^ondon,  W^.G. 

1877.  Carr,  Robert,  Resident  Engineer,  London  and  St.  Katharine  Docks  Ca^ 

London  Docks,  Upper  East  Smithfield,  London,  E. 
18C8.  Carrington,  Thomas,   Mining  Engineer,  Kiveton  Park  Collierief,  nti^ 

Sheffield ;  and  Endcliffe  Court,  Sheffield. 
1874.  Carrington,  William  T.  H.,  76  Cheapside,  London,  E.G. 
1 858.  Carson,  James  Irving,  Hillside,  Annan,  Dumfriesshire. 

1876.  Carson,  William,  Engineer,  Wallasey  Local  Board,  Egremont,  Birk'«^ 

head. 

1877.  Garter,  Claude,  Manager,  Messrs.  Hetherington  and  Co.,  Anoonts  Wo^ 

Pollard  Street,  Manchester. 

1877.  Carter,    William,    Managing     Engineer,     Birmingham    Patent 

Worktf,  Smethwick,  near  Birmingham  ;    and  Imperial  Tube 
Birmingham. 

1870.  Carver,  James,  Lac«  Machine  Works,  Alfred  Street,  Nottinghnm. 
1869.  Cnspi^rsen,    Hans    William,    Engineer,    Danish    Government 

Service,  164  Rye  Hill,  Newcastlc-on-Tyne. 

1876.  Chollen,  Stephen  William,  Messrs.  Taylor  and  (fallen,  Derwent  Foamw  *• 

99  Constitution  Hill,  Birmingham. 

1 871.  Chamberlain,  Walter,  Fern  Bank,  Augustus  Rood.  Edgbaston,  Birraift  ^Ibj 
1S(»6.  Chapman,  Henry,   113  Victoria  Street,  Westminstw,  8.W.;  and  lO     H 

Laffitto,  Paris. 

1878.  Cliapman,  James  Gregson,  Messrs.  Fawcett  Preston  and  Co.,  E*1iccojl; 

Fonndr}-,  Liverpool ;  and  25  Austinfriar^,  London,  E.C. 
1878.  Chapixf  d»»  Ixjonval,  Thomas  Fletcher,  29  Stanley  Gardens,  EauingtoB 
Turk,  Ix>n<lon,  W. 

1877.  Clmtor,  John,  Messrs.  Henry  Pooley  and  Son,  89  Fleet  Stroet,  LondbD 

E.C. 


MEMBSIL8.  XT. 

Clialwin,  Thomas,   Victoria  Works,    Great   Tiudal    Street,   Ladywood, 

BiiminghanL 
.  Ohatwood,  Samuel,  Lancaahire  Safe  and  Look  Works,  Bolton. 
.  Cbeckley,  Thomas,  Mining  Engineer,  Lichfield  Street,  Walsall. 
.  Gheesman,  William  Talbot,  Hartlepool  Hope  Works,  Hartlepool. 
'.  Chisholm,    John,    Messrs.    William    Muir   and   Co.,   Sherborne   Street, 

Ifanchester ;  and  30  Devonshire  Street,  Higher  Broughton,  Manchester. 
1.  Ghrimea,  Richard,  Messrs.  Guest  and  Ghrimes,  Brass  Works,  Botherham. 
D.  Churchward,  George  Dundas,  Post  Office,  Launccston,  Tasmania ;    and 

Kersney  Manor,  Dover. 
).  Glapham,  Robert  Calvert,  Earsdun,  near  Newcastlc-on-Tyne. 
i>  Clark,  Christopher  Fisher,  Mining  Engineer,  Garswood  Coal  and  Iron 

Co.,  Park  Lane  Collieries,  Wigan ;  and  Cranbury  Lodge,  Park  Lano, 

Wigan. 
Clark,  Daniel  Kinncar,  8  Buckingham  Street,  Adelphi,  London,  W.C. 
Clark,  Gteorge,  Southwick  Engine  Works,  near  Sunderland. 
Clark,  George,  Jun.,  Southwick  Engine  Works,  near  Sunderland. 
Clark.  William,  9  Victoria  Chambers,  Vict«iria  Street,  Westminster,  S.W. 
Clark,  William,  Mining  Engineer,  Teversall  Collieries,  near  Mansfield. 
Clarke   John,  Messrs.  Hudswell  Clarke  and  Rodgers,  Railway  Foundry, 

Jack  Lane,  Leeds. 
Clarke,  William,  Messrs.  Clarke  Chapman  and  Gumey,  Victoria  Works, 

Sonth  Shore,  Gateshead. 
Clay,  William,  Messrs.  Clay  Inman  and  Co.,  Birkenhead  Forge,  Beaufort 

Bead,  Birkenhead  ;  and  45  North  Corridor,  The  Albany,  Liverpool. 
Clapton,  Charles,  Soho  Foundry,  Preston. 
Clayton,  Nathaniel,  Messrs.  Clayton  and  Shuttleworth,  Stamp  End  Iron 

Works,  Lincoln. 
Cleminson,  James,  5  Westminster  Chambers,  Victoria  Street,  Westminster, 

8.W. 
Clench,  Frederick,  Messrs.  Robey  and  Co.,  Perseverance  Iron  Works, 

Lincoln. 
Closaon,  Prosper,  48  Rue  Laffitte,  Paris. 
Cochrane,  Charles,  Woodside  Iron  Works,  near  Dudley  ;  and  The  Grange, 

Stourbridge. 
Cochrane,  Joseph  Bramab,  Woodside  Iron  Works,  near  Dudley. 
Cochrane,    William,    Mining     Engineer,    Elswick     Colliery,    Elswick, 

Newcastle-on-Tyne ;    and  Oakfield    House,    Gosforlh,  Newcastle-on- 

Tyne. 
Cockey,  Francis  Christopher,  Selwood  Iron  Works,  Frome. 
CoddinRton,  William,  Ordnance  Cotton  Mill,  Blackburn. 
Coe,  William  John,  1  Rumford  Place,  Liverjiool. 


XYl.  BIBMBBBg. 

1847.  Coke, Kichard  George,  lifining  Engineer,  39  Holywell  Street,  Chesterfield, 

and  Brimington  Hall,  near  Chesterfield. 
1878.  Cole,  John  William,  54  King  William  Street,  London,  E.G. 
1878.  Coles,  Henry  James,  Sumner  Street,  Southwark,  London,  S.E. 

1877.  Coley,  Henry,  Manager,  Messrs.  S.  Owens  and  Co.,  Whitefriaxs  Street,  Fleet 

Street,  London,  E.C. 

1873.  Collingham,  Bohert  Moss,  Green  Lane  Foundry,   Queen's   Dock   Side, 

Hull. 

1878.  Colyer,  Frederick,  18  Great  George  Street,  Westminster,  8.W. 

1874.  Conyers,    William,    Conmiissioner    of  Railways,    Middle    Ldand,    New 

Zealand. 
1877.  Cooper,  Arthur,  Engineer,  Messrs.  Brown  Bailey  and  Dixon,  Sheffield 
Steel  and  Iron  Works,  Sheffield. 

1875.  Cooper,  Frederick,  Chief  Engineer,  H.  M.   Gun  Carriage  Department, 

Bombay. 

1877.  Cooper,  George,  Engineer  and  General  Manager,  Buenos  Ayres  Great 

Southern  Railway,  Buenos  Ayres:  (or  care  of  Secretary,  Buenos 
Ajrres  Great  Southern  Railway,  4  Great  Winchester  Street,  London, 
E.C.) 

1874.  Cooper,   William,    Messrs.    Gilbert   and    Cooper,    Engineers    and    Iron 

Shipbuilders,  Keptune  Iron  Works,  Hull. 

1878.  Comes,  Cornelius,  Manager,  Messrs.  Appleby  Brothers,  East  Greenwich 

Works,  London,  S.E. 

1848.  Corry,  Edward,  8  New  Broad  Street,  London,  E.C. 

1875.  Cotton,  Francis   Michael,   Messrs.    Field    Field   and   Cotton,   Chandos 

Chambers,  22  Buckingham  Street,  Adelphi,  London,  W.C. 
1875.  Cottrill.  Robert  Nivin,  Beehiye  Works,  Bolton. 
18G8.  Coulson,  William,  Mining  Engineer,  Shamrock  House,  Durham. 
1878.  Courtney.  Frank  Stuart,  3  Whitehall  Place.  London,  8.W. 
1875.  Coward,  Edward,  Messrs.  Melland  and  Coward,  Cotton  Mills  and  Bleach 

Works,  Heaton  Mersey,  near  Manchester. 
1875.  Cowen,  Edward  Samuel,  Messrs.  G.  R.  Cowen  and  Co.,  Beck  Foimdry, 

Brook  Street,  Nottingham ;  and  9  Rope  Walk  Street,  Nottingham. 

1870.  Cowen.  George  Roberts,  Messrs.  G.  R.  Cowen  and  Co.,  Beck  Foondiy 

Brook  Street,  Nottingham ;  and  9  Rope  Walk  Street,  Kottinghara. 
1880.  Cowper,  Charles  Edward,  6  Great  George  Street,  Westminster,  8.W. 
1847.  Cowper,  Edward  AlfM,  6  Great  George  Street,  Westmioater,  &W. 
1878.  Coxhead,  Frederick  Carley,  27  Leadenhali  Street,  Londoo,  E.(X 
1847.  Crampton,  Thomas  Russell,  4  Victoria  Street,  Westminster,  &W. 

1871.  Craven,  Joseph,  Messrs.  Smith  Beacook  and  Tannetl^  Vidoria  ¥aQai9:j^ 

Leeds. 
180G.  CrnTcn,  William,  Yauxhall  Iron  Works.  Oabome  Strael;  Mandicitii; 
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1873.  Crippin,    £dward    Frederic,    Mining    Engineer,    Bryiin    Hall    Colliery, 

ABhton,  near  Wigan. 
1878.  Crohn,  Frederick  William,  Blackwall  Iron  Works,  Poplar,  London,  E. 
1877.  Crompton,  Bookes  Evelyn  Bell,  Messrs.  T.  H.  P.  Dennis  and  Co.,  Anchor 
Iron  Works,  Chelmsford ;  and  Mansion  House  Buildings,  Queen  Victoria 
Street,  London,  E.C. 
1865.  CroflB,  James,  Messrs.  John  Hutchinson  and  Ca,  Alkali  Works,  Widnes ; 

and  Ditton  Lodge,  Warrington. 
1871.  Crossley,  William,  Fumess  Iron  and  Steel  Works,  Askam,  near  Dalton- 

in-Fumess,  Lancashire. 
1875.  Crossley,  William  John,  Messrs.  Crosslcy  Brothers,  Great  Marlborough 
Street,  Manchester. 

1863.  Grow,  George,  Messrs.  R.  Stephenson  and  Co.,  Kewcastle-on-Tyne. 

1874.  Curry,  William,  Locomotive  Superintendent,  Great  Northern  Railway  of 

Ireland,  Dublin. 

1875.  Curtis,  Bichard,  Messrs.  Curtis  Sons  and  Co.,  Phoenix  Works,  Chapel 

Street,  Manchester. 
1876u  Catler,  Samuel,  Providence  Iron  Works,  MiUwall,  London,  E. 

1864.  Daglish,  George  Heaton,  St.  Helen's  Foundry,  St.  Helen's. 

1866.  Daniel,  Edward  Freer,  Messrs.  Thomewill  and  Warham,  Burton  Iron  Works, 
Burton-on-Trent ;  and  11  Need  wood  Street,  Burton-on-Tront. 

1866.  Daniel,  William,  Messrs.  John  Fowler  and  Co.,  Steam  Plough  and 
Locomotive  Works,  Leeds ;  and  Oxford  House,  Horsforth,  Leeds. 

I 

1864.  Darby,  Charles  E.,  Brymbo  Iron  Works,  near  Wrexham. 

1879.  Darling,  William  Littell,  Manager  of  Steel  Works,  Dowlais  Iron  Works, 

Dowlais. 
1878.  Darwin,  Horace,  66  Hills  Road,  Cambridge.    {lAfe  Member.') 

1873.  Davey,  Henry,  Messrs.  Hathorn  Davey  and  Co.,  Sun  Foundry,  Dewsbury 
I  Boad,  Leeds. 

'      1865.  Davidson,  James,  Boyal  Arsenal,  Laboratory  Department,  Woolwich. 

1880.  Davies,  Charles  Merson,  Locomotive  Superintendent,  Holkar  and  Sindia- 
Neemuch  State  Railway,  Ehandwa,  India. 

1874.  Davis,  Alfred,  5  Westminster  Chambers,  Victoria  Street,  Westminster. 
8.W. 

1868.  Davis,  Henry  Wheeler,  11  New  Broad  Street,  London,  E.C. 

1873.  Davis,  John    Henry,  Messrs.  Nasmyth    Wilson    and    Co.,    Bridge  water 

Foundry,  Patricroft,  near  Manchester ;  and  64  Cannon  Street,  London, 

E.C. 
1877.  Davison,  John  Walter,  Messrs.  William  and  John  Davison,  Engineers  and 

Ironfounders,  Moscow,  Russia :  (or  care  of  Alfred  L.  Sacr^,  60  Queen 

Tictoria  Street,  London,  E.C.) 


.^] 


XVlll.  BIEMBKBS. 

1873.  Davy,  David,  Messrs.  Davy  Brothers,  Park  Iron  Works,  8befiBeld. 

1874.  Davy,  Walter  Soott,  Messrs.  Davy  Brothers,  Park  Iron  Works,  Shefl 
1874.  Daw,  Samuel,  Pearston  House,  23  The  Walk,  Tredegarville,  Cardif 
1849.  Dawes,  G^rge,  Milton  and  Elsecar  Iron  Works,  near  Bomsley. 

1879.  Dawson,  Bernard,  The  LAnrels,  Malvern  Link,  Malvern. 

1876.  Dawson,    Thomas    Joseph,    Mining    Engineer,    Cocken,     near 

Houses. 
1869.  Day,  St.  John  Vincent,  115  St  Vincent  Street.  Gksgow. 

1874.  Deacon,  George  Frederick,  Municipal  Offices,  Dale  Street,  Liverpool 

1880.  Deacon,  Richard  William,  Ealimaas  Works,  Sourabaya,  Java;  and 

Villa,  Pcnarth,  near  Cardiff. 
1868.  Dean,  William,  Locomotive    Superintendent,    Great   Western    C 

Swindon. 
1866.  Death,  Epliraim,  Messrs.  Death  and  Kllwood,  Albert  Works,  Leicefl 

1877.  Dees,  James  Gibson,  36  King  Street,  Whitehaven. 

1858.  Dempsey,  William,  26  Great  George  Street,  Westminster,  S.W. 
1872.  Denton,  John  Punshon,  Tanton  Hall,  Stokcsley,  near  Northallerton 
1880.  De  Tape,  William  Alfred  Harry,  Tottenham  Board  of  Health,  ( 

Croft  House,  High  Road,  Tottenham,  Middlesex. 
186S.  Dorham,  John  J.,  Brookside,  near  Blackburn. 
1880.  Dickinson,  John,  Palmer's  Hill  Engine  Works.  Sunderland. 

1875.  Dickinson,  William,  Messrs.  Eastons  and  Anderson,  3  Whitehall 

I»ndon,  S.W. 

1879.  Dickson.  John,  Manager,  Mersey  Wheel  and  Axle  Works,  Stourbric 

1872.  Dobson,  Benjamin    Alfred,    Messrs.  Dobbon    and    Barlow,    Kay 

Machine  Works,  Bolton. 

1880.  Dodd,  John,  Messrs.  Piatt  Brothers  and  Co.,  Hartford  Iron  Works,  ( 
1868.  Dodman,  Alfred,  Highgata  Foundry,  Lynn. 

1880.  Donald,  James,  Cumac  Iron  Works,  Bombay. 

1876.  Donaldson,  John.  Messrs.  John  I.  Thomycroft  and  Co.,  Steam  Ya< 

Launch  Builders,  Church  Wharf,  Chitiwick,  London,  W.;   and 
House,  Tumham  Green. 

1873.  Donkin,  Bryan,  Jun.,  Messrs.  B.  Donkin  and  Co.,  Blue  Ancfaor 

Berraondsey,  London,  S.E. 

1877.  DoBsor,  Arthur  Loft,  33  Lady  well  Park,  Lewisham,  Kent,  S.E. 
1865.  Douglas,  Charles  Prattman,  Consett  Iron  Works,  near  Blackhill,  i 

Durham  ;  and  Consett  House,  Consett,  County  Dnrham. 
1879.  Douglass,  James  Nicholas,  Engineer  to  the  Trinity  Board,  Trinity  I 

London,  E.C. 
1879.  Douglass,  William,  Chief  Engineer  to  the  OommiBsionen  of  Iriib  L( 

Westmoreland  Street,  Dublin. 
1879.  Doulton,  Bernard,  Lambeth  Pottery,  Lambeth,  LondoD*  8.E. 


MSHBBB8.  ZIZ. 

1857.  Dove,  George,  MesBra.  Cowans  Sheldon  and  Co.,  St.  Nicholas  Iron  'and 
Engine  Works,  Carlisle ;  and  Yiewfield,  Stanwix,  near  Carlisle. 

1873.  Dove,  George,  Jun^  Bedboorn  Hill  Iron  and  Coal  Works,  Frodingham,  near 

Brigg. 
1866.  Downey,  Alfred  C,  Messrs.   Downey  and   Co.,   Coatham  Iron  Works, 

Middlesbrough  ;  and  Post  Office  Chambers,  Middlesbrough. 
1880.  Doxford,    Robert    File,    Messrs.    William    Doxford    and    Sons,    Pallion 

Shipbuilding  and  Engine  Works,  Sunderland. 

1874.  Dredge,  James,  35  Bedford  Street,  Strand,  London,  W.C. 

1877.  Dubs,  Charles  Balph,  Messrs.  DUbs  and  Co.,  Glasgow  Locomotive  Works, 
Glasgow. 

1877.  Dabs,  Henry  John  Sillars,  Messrs.  Diibs  and  Co.,  Glasgow  Locomotive 

Works,  Glasgow. 
1880.  Dockham,  Frederick  Eliot,  Engineer,  Mill  wall  Docks,  London,  E. 

1879.  Duncan,  David  John  Hussell,  Messrs.  Duncan  Brothers,  63  Queen  Victoria 

Street,  London,  E.C. 
1870.  Donlop,  James  Wilkie,  22  Leadenhall  Street,  London,  E.C. 
1865.  Dyson,  Robert,  Messrs.  Owen  and  Dysuii,  Bother  Iron  Works,  Rotherham. 

1880.  Eager,  John  Edward,  Messrs.  William  Cricliton  and  Co.,  Engineering  and 

Shipbuilding  Works,  Abo,  Finland. 
1869.  Eamshaw,  William  Lawrence,  Superintending  Marine  Engineer,  South 

Eastern  Railway,  Folkestone. 
1858.  Easton,  Edward,  9  Delahay  Street,  Westminster,  S.W. 

1867.  Easton,  James,  Mining  Engineer,  Nest  House,  Gateshead. 

1875.  Eaves,  William,  Engineer,  Messrs.  John  Brown  and  Co.,  Atlas  Steel  and 

Iron  Works,  Sheffield. 

1878.  Eckart,  William  Roberts,  P.  O.  Box  1587,  San  Francisco,  California,  United 

States. 

1868.  Eddison,  Robert  William,  Messrs.  John  Fowler  and  Co.,  Steam  Plough 

and  Locomotive  Works,  Leeds. 
1871.  Inwards,  Edgar  James,  Butterley  Iron  Works,  Alfreton. 
18T7.  Edwards,  Frederick,  Superintending  Engineer,  Weymouth  and  Channel 

Islands  Steam  Packet  Co.,  &c.,  127  Leadenhall  Street,  London,  E.C. 
1880.  Edwards,  Robert,  58  London  Koad,  Grantham. 
1866.  Ebe,  John,  25  Cathedral  Yard,  Manchester. 
1879.  EUacott,  Robert  Henry,  Messrs.  Ellacott  and  Sons,  Plymouth  Foundry, 

Plymouth. 
1875.  Ellington,  Edward  Bayzand,  Hydraulic  Engineering  Works,  Chester. 
^859.  Elliot,  Sir  George,  Bart.,  Houghton-le-Spring,  near  Fence  Houses. 
^^.  Elliott,  Henry  Worton,  Metal  Sheathing  Works,   10  Coleshill    Street, 

BIzmiDgham ;  and  Selly  Ouk  Works,  near  Birmingham. 
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:«7T.  EL:i  c  Tlunnttd  ILirx.  Xrsra.  Hubert  EllJoct  ftnd  Soiu,  PcDiher  1 

l«J!i\  EILj^  «.>-i«a:ii  ViJIaai.  fs5  i^mtz*  ScreeC  Ed:iibaT]gli. 

I«7'}.  £L^:ii.  E^.'t^sz.  T-a  lLkSi:r  Bead.  Cpccr  Xev  Cratst.  London,  S.E. 

l«ta>.  Elv^il.  JLfred.  Eiifr  T^L  W.>cki«  Wood  Gxcesu  Wednecbury. 

!•«»}.  EIit^l:,    TmmAd.  XdaKS.    VarTall    EIvcU    arid    Middlcton,   1 

1?73.  n-m-z^L  TiM^am*,  Jxi-  Ezi^zizwer.  MesBB.  YAznJl  EI  well  and   M 

1  \t*n.zA  Tra^iae.  Pirls. 
I?T^.  Elvi:!.  ChaH^di.  XfOopcIiiAn  Beard  of  Worici>  Spring  Gazdens, 

l9f>L  Ef«i*.s.  WLIiiA  Bivard.  HeaoB.  Allen  ETCiiU  and  Sona,  Kingsk 
W  rlu.  A-iierleT  Scr««rC.  Blimingtuim :  and  Finatal,  Bromsgrovc 

l^a>.  Ejzh.  Hax.  M^itfTL  John  Fowkr  and  Co^  Steam  Plough  and  La 
Worki,  Lecdj. 

Iv7>.  Faija.  Hrnrr.  4  Grea:  Queen  Street,  Westminster.  S.W. 
Is^.  Foirlaim.  Sir  AC'lrew.  3LP^  Wellinijton  Foandiy,  Leeds ;  and  15  J 
S*|aare,  Locdon«  W. 

1875.  Faro^c  Jvan  Jo«e[4i  L«>3,  Mean.  Faroot  and   Sons,   Engine 

13  Avenue  de  la  Gare,  St.  Oaen,  France. 
ISSO.  FarcTii.  Paol,  Messrs.  Farce t  and  Sons,  Engine  Works,  13  Aven^ 

frare,  St.  Ocen,  Fiance. 
1867.  Fardon,  Thomas,  Messrs.  Fardon  and  Feenr,  40  Queen  Street, 

E.C.  ;  and  1  Lan^downe  Terrace,  Stnart  Street,  Luton. 

1876.  Fell,  John  Cony,  23  Rood  Lane,  Fenchoroh  Street,  London,  EC. 

1877.  Feoton,  James,  Manager,  Mesbrs.  Kitson  and  Co.,    Airedale  1 

Leeds. 

1869.  Fenwick,    Clennell,    Victoria   Docks    Engine    Works,    Yictoria 

London,  E 

1870.  Ferguson,  Henry   Tanner,   LocomotiTe  Superintendent,    Bango 

Irrawaddy  State  Bailway,  Bangoon,  Burmah,  India. 
1854.  Femie,  John,  12  King  Henry*s  Boad,  London,  N.W. 

1866.  Fiddcs,  Walter,  Engineer,  Bristol  United  Gas  Works,  Bri^tc^ 
1872.  Fidlcr,  Edward,  Piatt  Lane  Colliery,  Wigan. 

1867.  Field,  Edwunl,  Messrs.  Field  Field  and   Cotton,   Chandoa  CI 

22  Buckingham  Street,  Adelphi,  London,  W.C. 
1861.  Field,  Joshua,  110  Webtminster  Bridge  Boad,  Lambeth,  LoiidoD,  B 
1874.  Fielding,    John,    Messrs.    Fielding    and    Piatt,     Atlu     Iron 

Gloucester. 
18G5.  Filliter,  Edward,  16  East  Parade,  Leeds. 
18G8.  Firth,  Arthur,  Leeils  Iron  Works,  Leeds. 
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1874.  Firth,  William,  Barley  Wood,  Leeds. 

1871.  FiBher,  Benjamin    Samuel,   Locomotiye  Superintendent,  Somerset    and 

Dorset  Bailway,  Higlibridge,  near  Bridgwater. 

1877.  Flannery,  James  Fortescue,  9  Fenchurch  Street,  London,  E.C. 
1864.  Fleet,  Thomas,  Grown  Boiler  and  Gasholder  Works,  Westbromwich. 
1847.  Fletcher,  Edward,  Locomotiye  Superintendent,  North  Eastern  Railway, 

Gateshead. 

1858.  Fletcher,  Henry   Allason,  Messrs.  Fletcher   Jennings  and  Ck).,  Lowca 

Engine  Works,  Whitehaven.    (^Life  Member.) 

1872.  Fletcher,  Herbert,  Ladyshore   Ck)lliery,  Little  Lever,  Bolton;  and  The 

Hollina,  Bolton. 
1857.  Fletcher,    James,   Messrs.   W.    Ck^llier  and  Co.,  2    Groengatc,  Sulford, 

Manchester. 
1867.  Fletcher,  Lavington  Evans,  Chief  Engineer,  Manchester  Steam  Users' 

Association,  9  Mount  Street,  Albert  Square,  Manchester. 
1872.  Flower,  James  J.  A.,  Messrs.  James  Flower  and  Sons,  Old  Trinity  House, 

5  Water  Lane,  Great  Tower  Street,  London,  E.G. 

1859.  Fogg,  Bobert,  11  Queen  Anne's  Gate,  Westminster,  S.W. 

1878.  Fontaine,  Marc  Berrier-,  Lig^nieur  de  la  Marine,  Touluu  Dockyard,  Toulon, 

France. 
1877.  Forbes,    Daniel    Walker,     Smithfield    Works,    New    Boad,    Blackwall, 

London,  E. 
1861.  Forsier,  Edward,  Messrs.  Chance  Brothers  and  Co.,  Glass  Works,  Spon 

Lane,  near  Birmingham. 
1877.  Foulis,  William,  Engineer,  Glasgow  Corporation  Gas  Works,  42  Virginia 

Street,  Glasgow. 
1866w  Fowler,  G^rge,  Mining  Engineer,  Basford  Hall,  near  Nottiugham. 
1847.  Fowler,  John,  2  Queen  Square  Place,  Westminster,  S.W. 
1866.  Fox,  Charles  Douglas,  5  Delahay  Street,  Westminster,  S.W. 

1875.  Fox,  Samson,  Leeds  Forge,  Leeds. 
1859.  Fnaer,  John,  13  Park  Square,  Leeds. 

1877.  Fraser,  John  Hazell,  Messrs.    Eraser   Brothers,    Railway  Iron  Works, 

Bromley,  London,  E. 
1876.  Frost,  William,  Manager,  Carlisle  Steel  and  Engine  Works,  Sheffield. 
1866.  Fry,  Albert,  Bristol  Wagon  Works,  Temple  Gate,  Bristol. 

1866.  Galloway,  Charles  John,  Messrs.  W.  and  J.  Galloway  and  Sons,  Knott  Mill 

Iron  Works,  Manchester. 
1862.  Galton,  Capt.  Douglas,  C.B.,  B.E.,  F.R.S.,  12  Chester  Street,  Grosvenor 

Place,  London,  S.W. 
1880.  Galwey,  John  Wilfrid  de  Villepiont,  Messrs.  Galwey  Whitehead  and  Co., 

Warrington  Engine  and  Iron  Works,  Lythgoe's  Lane,  Warrington. 


l!*r~.  Cii.izzi:l=L  '*"■  M.TT  Hci^.  !5  Albtrrt  Tcmee.  Middlcvhroagh. 
l^^ii.  Cr.MSL.  m'Liu.   •'^viinSL  ISz-estve  Engineer,  Severn   Tannel  Worl 


I«dL  MY:iii£iix.  SfOLnei.  MesBS.  A.  Gniimeai  Son  and  Cou,  SL  Janu 

Snr^'grT.  I>nn'~T. 
IfTI.  G^iao^  T>i  ;Vtfcy>  Cj^fioET.  BezUrj  StPKt.  Birmingluuii. 
If^  ir'I^atn.  I^t^'iifg-r  EiiviiL.  CA^ftdk  Ei^cise  Works,  Montreal,  C«n<id 
IS^  ir:Iknk   I.iri^.  Ms^tfCfc.  H^^ldikf  GJkei  uid  Co,  Tees  Engine 

3tjjri-:tfr:»i!ri. 
I^r.  GJZ.  Cior^rriw  Mian.  T.-rs^  aai  Gill,  Engmeering  Worka,  Jat 

I?Or*  G-rrr.  •>t-3-j:-  Eirlirtr.  Iii^e  HaH  CoUierr,  Wigan. 

I>~^-  G^dciL.  7>:i5UbX^  '^xLi.ei  Roai  Eixiiie  Works.  Leicester. 

l^Ti.  G^'sCTft.    7:iLz.    X-.:fls^    G>.j!i   mils   and    Co.,    Ajresotne    Iron 

If*:"^  G-.xifrtj.    SasLail    lleacs.    Bc'jckcw    V&ngiuLn    and   Co.,    Iron 

:>r.\  G^.ciriT.    W:IinL    B£i=:sii;>L   54  Reseat'i  Paik    Road,   Bcgenfa 

If7>.  G.li»-v:r±j.  H.acrs   E^^f.  MeasTs.   Thcmas  GoldBworthy   and 

Bin'A-'ifc  Tzxej  Mills.  H;L2r.  Itiadieeser. 
lf^"T.  Gxvi-  W'-"  AT-  Fr^iOiiick.  Vilc^s  Fonndir.  Wazxington. 
1^77.  G.x\i:«:cT.  RjCierL  MeKsrk  Goodbodj,  Claihawaun  Jute  Factory, 

Zftar  M.'axe,  Ir^Ia=«i. 
lNf:>.  G-.x>irTv«  r.-:c:dd  M^^rliz.  5  Crovn  Ofllce  Bow.  Temple,  London,  I 
liTjL  Gxxcfcrllr'v.  G-.c:^  Fifz.  Hjde  Inn  Wcrka^  Hyde,  near  Manchester 
ISf:'^"^.  Gorkz.itii:c.  Grr^n  F^^InclE.  Saadrik  Irm  Wcrkt,  near  Gefle,  Swede 
ISTol  G-.tS:::.    B^rl^n.    ExivctiTe    Engiceer,     Pnblio     Works     Depai 

Ht-Rfca,  Br.tif'::  Bcr-a^h,  I:idia:  {cv  care  of  Mesasa.  Henry  & 

Azi  C^..  4o  PaH  MalL  L  Qioa,  S.W.) 
1S7?.  GcnzA^  Williaa  Ac^m^CTii^  Mesasrs.  Siebe  and  Gorman,  17  Maaon 

Weiscziir^rcr  Br:\:^  B..ad.  London.  S.E. 
1>h\  G«.tVacLAlk.  AItT;vidre,  IT  Rne  LdJfitU\  Pluia 
ISTT.  Goulty,  Wallli  RiTers.  Albert  Chambers,  Albert  Sqiaie,  Hancbeetei 
1&71.  Gowtriilock.    Alfr^    Har^ieaTei,    Messrs.    Jfssnp    and    Ca,    fi 

Contractors,  93  Clire  Street,  Calcutta. 
ISTS.  Grafton,  Alexander.  15  Gnat  George  Street,  Westminster,  8.W. 
ISCJ,  Grai&g<er,  Jacics  Xixon,  Public  Works  Department,  Che|«nk,  M 

and  The  3IaIL,  Xewport.  Isle  of  Wight :  (or  eare  of  G.  K.  Hent 

Alex;jindra  Trirace,  XewporL  I&le  of  Wight.) 
18C5.  Gray,  John  McFarlane,  Chief  KT^miiwir  of  Engineei%  Marine  Depai 

Board  of  Trade;  127  Queens  Boed,  PcekhaB,  London*  &E. 
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1876.  Gxmy,  John  William,  Engineer,  Corporation  Water  Works,  Broad  Streets 
Biimingham. 

1870.  Gray,   Matthew,   106   Cannon   Street,   London,    E.G.;    and  SUvertown 
Telegraph  Workv,  North  Woolwich,  E. 

1879.  Gray,  Thomas  Lowe,  Assistant  Manager,   Ant  and   Bee  Works,  West 
Gorton,  Manchester. 

1879.  Greathead,    James     Henry,    8    Victoria    Chambers,     Victoria     Street, 

Westminster,  S.W. 
1861.  Green.  Edward,  Messrs.  E.  Green  and  Son,  Phoenix  Works,  Wakefield. 

1871.  Greener,  John  Henry,  14  St.  Swithin*s  Lane,  London,  E.C. 
1878.  Greenwood,  Arthur,    Messrs.    Greenwood   and    Batley,   Albion  Works, 

Leeds. 
1874.  Greenwood,  William  Henry,  34  HaUton  Street,  Moss  Side,  Manchester. 
1865.  Greig,   David,   Messrs.   John   Fowler   and    Co.,    Steam    Plough    and 

Looomotive  Works,  Leeds. 

1880.  Gresbam,  James,  Messrs.  Gresham  and  Craven,  Craven   Iron  Works, 
Manchester. 

1874w  Grew,  Nathaniel,  Dashwood  House,  9  New  Broad  Street,  London,  E.G. 
1866.  Orioe,   Edwin  James,   Cwmbran  Nut  and  Bolt  Works,  near  Newport, 

Monmouthshire. 
1860.  Orioe,  Frederic  Groom,  Oakley  Villa,  Westbromwich. 
1868.  Grierson,    Henry   Houldsworth,    Messrs.    Ormerod    Grierson   and    Co., 

St.  George's  Iron  Works,  Hulme,  Manchester. 
1873.  Griffiths,  John  Alfred,  Cleveland  Road,  Cheetham  Hill,  Manchester. 
1879.  Grose,    Arthur,    Manager,    Vulcan     Iron     Works,    Guildhall     Road, 

Northampton. 
1870.  Oiiilford,  Francis  Leaver,  Messrs.  G.  R.  Co  wen  and  (Jo.,  Beck  Foundry, 

Brook  Street,  Nottingham. 
1970.   6 Wynne,  James  Eglinton  Anderson,  Essex  Street  Works,  Strand,  London, 

W.C.    CIA/e  Member.) 
1S70.  O Wynne,  John,  Hammersmith  Iron  Works,  Hammersmith,  London,  W. 


1S63.   Hackney,  William,  1  Somerset  Plnce,  Mumbles,  Swansea. 

1879.  Hadfield,  Robert,  Hadfield  Steel  Foundry  Co.,  Atterclifife,  Sheffield. 

1861.   Saggie,  Peter,  Hemp  and  Wire  Rope  Works,  Gateshead. 

1879.  HalU  John  Francis,  Messrs.  W.  Jessop  and  Sons,  Brightside  Steel  Works, 

SheflBeld. 
3I874L  Hall,  Thomas  Bernard,  Patent  Nut  and  Bolt  Works,  Smethwick,  near 

Birmingham. 
1871.  HalU  William  Silver,  Messrs.  Hall  and  Clarke,  Canal  Street  Iron  Works, 

Derby ;  and  7  Yeovil  Terrace,  Hartington  Street,  Derby. 

1880.  Hallett,  John  Harry,  120  Powell's  Place,  Cardiff. 

0 


XXIY.  MEMBERS. 

1871.  HalpiD,  Draitt,  9  YictoriA  Chambers,  Victoria  Street,  WebtmiDster,  S.W. 

1870.  Hamand,  Arthur  Samuel,  9  Bridge  Street,  Weetmiiiater,  S.W. 

1875.  Hammond,     Walter     John,     Besident     Engineer     and      IiOeomoti?e 

Superintendent,    Paulista    Bailway,   Oampinaa,  Sio   Pnalo,    Biazil: 

(or  care  of  MesBrs.  Fry  Miers  and  Ca,  8  Great  Winchefiter  Street, 

London,  £.C. 
1879.  Handyside,  James  Baird,  Messrs.  Thomson  Sterne  snd  Go,  Crown  Imn 

Works,  Glasgow. 

1870.  Hannah,  Joseph  Edward,  Abbeystead,  Wyresdale,  near  Lancaster. 

1874.  Harding,  William  Bishop,  IX.  Bez.,  Uelloerstrasse  Nr.  35,  Budapest, 
Hungary. 

1869.  Hariield,  William  Horatio,  Mansion  House  Buildings,  Queen   Victors 

Street,  London,  ED. 
1873.  Harman,  Hany  Jones,  Chief  Engineer,  English  and  Scottish    Boilei 

Insurance  Company,  100  King  Street,  Manchester. 
1879.  Harris,  Henry  Graham,  37  Great  George  Street,  Westminster,  8.W. 

1873.  Harris,  Bichard  Heury,  63  Queen  Victoria  Street,  London,  ELC. 

1877.  Harris,  William  WalUngton,  Messrs.  A.  M.  Perkins  and  Son,  6  Seaford 

Street,  Begent  Square,  London,  W.C. ;  and  9  Alexandra  Villas,  Homsuy 
Park,  London,  N. 

1879.  Harrison,  George,  liessrs.  Fowler  and  MeCollin,  Vulcan  Iron  Worlu,  Hu!I. 

1871.  Harrison,  Joseph  Edward,  Woodside  Iron  Works,  near  Dudley. 
1858.  Harrison,  Thomas  Elliot,  Ealing,  Middlesex,  W. 

i865.  Harrison,  William  Arthur,  Messrs.  Allen  Harrison  and  Co.,  CambriUg* 
Street  Works,  Manchester. 

1874.  Hart,  James,  Messrs.  David  Hart  and  Co.,  North  London  Iron  Worka 

Wenlock  Bead,  City  Bead,  London,  N. 
1S77.  Hart,  Jamea,  Borough  Engineer  and  Surveyor,  Town  Hall,  St  Helen's. 

1872.  Hartnell,  Wilson,  Pftrk  Bow,  Leeds. 

1878.  Harwood,  Bobert,  Soho  Iron  Works,  Bolton. 

1858.  Haswell,    John  A.,  North  Eastern   BaUwmy,  LocomotiTe    Departmesr 

Gateshead. 
1857.  Haughton,  &  Wflfred,  Greenbank,  Oariow,  Ireland.    (£i/e  Jlfiiiier.) 
1878.  Haughton,  Thomas,  122  OsnnoQ  Street,  Loadoo,  E.O. 

1861.  Hawkins,  William  Bailey,  2  Suffolk  Lane.  Csnnoii  Straet,  London,  £.0. 

1870.  Hawksley,  Charles,  30  Great  George  Street,  Westminster,  8.W. 

1856.  Hawksley,  Thomas,  F.B.S.,  30  Great  George  Street,  Weatminttar,  S.W. 

1880.  Hawthorn,  Thomas,  Messrs.  Black  Hawthom  and  Ob.,  QatMbead. 

1878.  Hay,  James  A.  C,  Superintendent  of  Machinery  to  the  War  Dcpartmes ' 

Boyal  Arsenal,  Woolwich. 

1879.  Hayes,  John,  27  Leadenhall  Street,  London,  E.O. 

1862.  Haynes,  Thomas  Johi^  Oalpe  Foondiy  and  Fiofs^  Iffottk  Vkimi,  Oibnll^ 
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18S0.  Hayter,  Harrison,  33  Great  George  Street,  Westminster,  S.W. 

1869.  Uetd.   Jeremiah,  Meanrs.  Fox  Head  and  Co.,  Newport  RoUing  Mills, 

Middlesbrough. 
1^.  Head,  John,  Munrs.  Ransomes  Sims  and  Head,  Orwell  Works,  Ipswieh. 
1873.  Hesdly,  Lawranoe,  I  Camden  Place,  Cambridge. 
1857.  Healey,  Edward  Charles,  163  Strund«  London,  W.C. 
1872.  Hei^),  William,  9  Sumford  Place,  Liverpool. 
^^&  Heap,  William  Edward,  Assistant  Engiaeer  aad  Surveyor  to  the  Bochdale 

Corporation,  Town  Hall,  Boohdale. 
^^  Heathfield,  Richard,  Lion  Galyanising  Works,  Wiggin  Street,  leknield 

Port  Road,  Birminghum. 
^^9.  Hedgea,  Killingworth  William,  25  Queen  Anne's  GaAe,  Westminster,  S.W. 
^5.  Beenan,    Richard    Hammersley,    Executive    Engineer,   Pablio    Works 
Department,     Bhawulpoor,     vi&     Mooltan,     Punjaub,     India;     and 
PtosoDfttown,  Ireland. 
•^«  Henchman,  Humphrey,  Cape  Government  Railways,  Uitenhage,  Cape  of 
Good  Hope:   (or   care  of  John  Henchman,  Derby  Road,  Woodlbrd, 
Essex,  K) 
Henderson,  David  Marr,  Engineer^in-Chief^  Imperial  Maritime  Customs 
Service   of  China,   Shanghai,    China;    and    Gkittaway,    Abemethy, 
Newborgh,  Fife. 
Heneeey,  Richard,  Superintending  Engineer,  Messrs.  W.  Nicol  and  Co., 
Byculla  Iron  Worka^  Bombay. 
^_^^*  Hepburn,  George,  Redeross  Chambers,  Redoross  Street,  Liverpool. 

^^»  Heppell,  Thomas,  Mining  Engineer,  Ouston  Collieries,  Chester-le-Street. 
^^7«  Hepworth,  Thomas  Howard,  Curzon  House,  Curzon  Street,  Derby. 

^^«  Hetherington,  John  Muir,  Vulean  Works,  Pollard  Street,  Manchester. 
^^^.  Hetherington,  Thomas  Ridley,  Vulcan  Works,  Pollard  Street,  Manchester. 
^  ^^S.  Hewett,  Edward  Edwards,  High  Court,  High  Street,  Sheffield. 
-^^72.  Hewlett,  Alfred,  Wigan  Coal  and  Iron  Works,  Kirkless  Hall,  Wigan. 
"^-^^^a.  Hewlett,  Waiiam  Henry,  Wigan  Coal  and  Iron  Works,  Kirkless  Hall, 

Wigan. 
^^V 1 .  Hick,  John,  MP.,  Mytton  Hall,  Whalley,  near  Blackburn. 
^¥U>4.  Hide,  Thomas  C,  Messrs.  Hide  and  Thompson,  4  Cullum  Street,  Fenchurch 

Street,  London,  E.C. 
^^'?^.  Higson,  Jacob,  Mining  Engineer,   Crown  Buildings,  18  Booth   Street, 

Manchester. 
■^870.  Higson,   Jc^n,   Mining   Engineer,  Crown  Buildings,  18  Booth  Street, 

Manchester. 
^^Ta.  liiidebrandt,  John  Albert  Reinhold,  Barlow's  Court,  43  Market  Street, 

Manchester. 
^^1.  HOI,  Alfired  C,  Clay  Lane  Iron  Works,  South  Bank,  Yorkshu^. 
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Cnnlerbiiry  Knad.  Kilburn,  LoniloD,  N.W. 
I8.V2.  H,)liT..ft,  Jaim's,  N.irlon.  near  Sfciurhri^lj-e. 
l)J6li.  Uolcroft,  Thomtis,  BiUton  Fuundry,  BiLtoD. 
1865.  Uollida;,     John,     Henrs.     John    Itetbell   utd    Co^    Creoaote    Woi 

Weslbromwich !    and    Oakfleld    Lodge,    Booth    Street,    a>iid««oi 

Birminghitin. 
1863.  Holt,  Fnmcia,  Midland  Bailirikj,  LocomotiTe  Depautment,  Derbf. 

1873.  Holt,  Henry  Percy,  15  Park  Row,  Leeds. 

1867.  Holt,  WQliam  Lyster,  1  Pelham  Place,  South  Kenaington.  London,  S.l 

1607,  Hnmer,  Clmrlea  Jamee,  Mining  Engineer,  Btoke-upon-Trent 

1848.  Homenham,  l^amuel  Collett,  19  Buohingbam   Street,   Adelphi,   Load' 

W.G. 
ISGQ.  Hopkins,   John   Salchell.  JesmooJ   Oiove,   Highfield   Ro*d.  Edgbub 

Birmingham. 
1856.  Hopkinson,  John,  Mefirs-Wren  and  HopkinBon,  I«tidon  Road  Itxjn  Wori 

Huncheetcr. 

1874.  HopkJDBon,  John,  Jun.,   D.So.,  F.B.3..  Li^lbonse   Department,   Mtmt 

Chance  Brothers   and    Co.,   Spnn   Lane,   near   Binuingham;   and 

Westiointtor  Chumbera,  Victoria  Street,  Weatminrtar,  S.W. 
1877.  HopkinsoD,  Joseph,  Messrs.  Joaeph  Hopkinaon  and  Co^  Britatmia  Wort) 

Hudderafield. 
1367.  Hopper,  Witliam,  Maehino  Works,  Hoecow :  (or  cars  of  Thomat  Hopps, 

46  Queen  Street,  Edinburgh.) 
1880.  Uomiibj,  James,  Messrs.  Richard  Homsbj  and  Sons.  SpitUegate  ^^ 

Works,  Graiitham. 
1880.  Homsb;,  William,  Messrs.  Bichard  Homaby  and  Son*,  Spittlegate  ' 

Works,  Graotbom. 
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1875.  Hosgood,  Thomas  Hopkin,  Gadlys  Tin  Works,  Aberdare ;  and  Troedyrhiew, 

Herthyr  Tydvil. 
1873.  Hoddn,  Richard,  1  East  Parade,  Sheffield. 

1866.  Houghton,  John  Campbell  Arthur,  Woodside  Iron  Works,  near  Dudley. 
1864.  Howard,  Eliot,  Messrs.  Hayward  Tyler  and  Co.,  84  Upper  Whitecross 

Street,  London,  E.C. 

1860.  Howard,  James,  M.P.,  Messrs.  J.  and  F.  Howard,  Britannia  Iron  Works, 

Bedford. 

1867.  Howard,  Bobert   Luke,   Messrs.    Hayward    Tyler  and  Co.,   84  Upper 

Whitecross  Street,  London,  E.C. 

1861.  Howell,  Joseph  Bennett,  Messrs.  Howell  and  Co.,  Brook  Steel  Works, 

BrookhiU,  Sheffield. 
1877.  Howell,  Samuel  Eamshaw,  Messrs.  Howell  and  Co.,  Brook  Steel  Works, 

Brookhill.  Sheffield. 
1877.  Hewlett,  Frauds,  Messrs.  Henry  Clayton  Son  and  Hewlett,  Atlas  Works, 

Woodfield  Road,  Harrow  Bead,  London,  W. 
1867.  Hughes,  George  Douglas,  Queen's  Foundry,  London  Road,  Nottingham. 
1873.  Hughes,  Henry,  Falcon  Iron  Works,  Loughborough. 
1^1.  Hughes,    Joseph,  Messrs.    Fletcher  Jennings  and  Co.,  Lowca  Engine 

Works,  Whitehaven. 
1^.  Hulse,  William  Wilson,  Whalley  Chambers,  88  King  Street,  Manchester. 
1880.  Humphrys,  James,  Barrow  Shipbuilding  Works,  Barrow-in-Furness. 
1868.  Homphrys,  Robert  Harry,  Deptford  Pier,  London,  S.E. 
1859.  Emit,  James  P.,  Comgreayes  Iron  Works,  near  Birmingham. 
185&  Hunt,    Thomfls,    Messrs.    Beyer    Peacock    and    Co.,    Gorton    Foundry, 

Manchester. 
^^i  Hnnt,  William,  Jun.,  Messrs.  William  Hunt  and  Sods,  Alkali  Works, 
Lea   Brook,  Wednesbury;    and   Aire   and  Calder  Chemical    Works, 
Castleford,  near  Normanton. 
^^-   Hunter,    Walter,    Messrs.     Hunter   and    English,    High    Street,   Bow, 
London,  E. 
Hutchinson,  Edward,  Streonshalh  House,  Darlington. 
«    Hyde,   Major-General    Henry,    R.E.,    India    Office,   Westminster,    S.W. 
{lAJt  Member.) 

*  * «   Imray,    John,    Messrs.    Abel    and    Imray,    20   Southampton  Buildings, 
London,  W.C. 
«  Inglis,  William,  Soho  Iron  Works,  Bolton;    and  Astley  Bridge,  near 
Bolton. 
Inman,  Charles  Arthur,  Messrs.  Clay  Inman  and  Co.,  Birkenhead  Forge, 
Beaufort  Road,  Birkenhead;    and  45  North   Corridor,  The  Albany, 
LiyerpooL 
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1872.  Jftok,  Alexander,  Messra.  James  Jack  and  Go^  Yiotoria  Engine  Works, 

Boundary  Street  West,  Yauxhall  Boad,  Liverpool. 
1876.  Jackson,    Henry    James^    Superintending    Engineer,    General     Steam 

Navigation  Go/s  Works,  Deptford,  London,  S.E. 
1859.  Jackson,  Matthew   Murray,  Engineer-in-Ghief,  Imperial  Danube  Steam 

Navigation  Works,  Budapest,  Hungary. 
1847.  Jackson,    Peter    Rothwell,    Salford    Boiling   Biills,   Manchester ;    anJ 

Blackbrooke,  Grosmont,  near  Hereford. 

1873.  Jackson,  Samuel,  Locomotive  and  Carriage  Superintendent,  Great  Indian 

Peninsula  Railway,  Bombay. 

1872.  Jackson,  William  Francis,  Bowling  Iron  Works,  near  Bradford. 

1873.  Jacob,  Edward  Westley,  oare  of  Henry  Jacob,  The  Woodlands,  Habberle^ 

Bead,  Bewdley. 

1876.  Jacobs,  Charles  Mattathias,  Post  Office  Ghambers,  Bute  Docks,  Cardiff. 

1878.  Jakeman,  Christopher  John  Wallace,  Manager,  Messrs.  Merrjrweather  and 

Sons,  Tram  Locomotive  Works,  Greenwich  Boad,  London,  S.E. 

1877.  James,  Christopher,  4  Alexandra  Boad,  Clifton,  Bristol. 

1856.  James,  Jaboz,  40  Prince's  Street,  Commercial  Boad,  Lambeth,  London,  S.K 

1877.  James,  John   William   Henry,   9  Victoria   Chambers,    Victoria  Street 

Westminster,  S.W. 

1879.  Jameson,  Gteorge,  Glenoormao,  Bray,  Ireland. 

1870.  Jamieson,  John  Lennox  Kincaid,  9  Crown  Terrace,  Dowanhill,  Glasgow. 
1876.  Jebb,  George  Bobert,  Engineer  to  the  Birmingham  Canal  Kavigation, 

Birmingham ;  and  The  Laurels,  Slirewsbuiy, 
1861.  Jeffcock,  Thomas  William,  Mining  Engineer,  18  Bank  Street,  Sheffield* 

1880.  Jefferies,  John  Bobert,  Messrs.  Bansomes  Sims  and  Head,  Orwell  Works, 

Ipswich. 
1863.  Jeffireys,  Edward  A.,  Monk  Bridge  Iron  Works,  Leeds ;  and  Giptoa  Lodge, 

Leeds. 
1876.  Jemson,   James,    Engineer  to  the   Kay   Shuttleworth  Mineral  Estate, 

Gkkwthorpe  Hall,  near  Burnley. 
1875.  Jenkin,  H.  C.  Flceming,  F.R.S.,  Professor  of  Engineering,  Univertitj  of 

Edinburgh ;  8  Great  Stuart  Street,  Edinburgh. 

1878.  Jensen,  Peter,  Messrs.  Brewer  and  Jensen,  33  Chancery  Lane,  London,  W.C. 
1878.  Jessop,  Joaeph,  London  Steam  Crane  and  Engine  Works,  Leioester. 
1854.  Jobson,  John,  Derwent  Foundry,  Derby. 

1863.  Johnson,  Bryan,  Hydraulic  Engineering  Works,  Chetter ;  and  84  King 

Street,  Chester. 
1861.  Johnson,  Samuel  Waite,  Locomotive  Superintendent,  Midland  Bailway, 

Derby. 
1872.  Joicey,  Jaoob  Gowland,  Messrs.  J.  and  G.  Joioey  wd  Co^  Vorth  BMikr 

West  FacVorf,'Se^QaaW^-«ii-T^^, 
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Jones,  Charles,  Messrs.  John  Jones  and  Sons,  Marine  Engine  Works, 

William  Street,  Liverpool. 
Jones,  Qiarles  Henry,  Assistant  Looomotive  Superintendent,   Midland 

Bailwaj,  Derby. 
Jones,  Edward,  Anglo-American  Electric  Light  Co^  Victoria  Works,  Vine 

Street,  York  Boad,  Lambeth,  London,  S.E. 
Jones,  Edward  Trygam,  Consulting  Engineer  to  the  Commereial  Stean» 

Ship  Co.,  32  Great  St  Helen's,  London.  E.C. 
.  Jones,  Frederick  Bobert,  Superintendent  of  Nahan  Iron  Works,  Kahan, 

Sirmoor  State,  near  ITmballa,  Punjaub,  India:    (or  care  of  Messrs. 

Bichaid  W.  Jones  and  Co.,  Newport,  Monmouthshire.) 
.  Jones,  George  Edward,  Adamwahan,  Punjaub,  India :  (or  care  of  Mrs. 

Edward  Jones,  Woodville,  Wylde  Green,  near  Birmingham.) 
.Jones,   Harry    Edward,    Engineer,    Commercial    Gas   Works,    Stepney, 

London*  £. 
.  Jones,  William  Bichard  Sumption,  Bajputana  State  Bail  way,  Ajmeer,  India  : 

(or  care  of  Messrs.  Henry  S.  King  and  Co.,  45  Pall  Mall,  London,  S.W.) 

•  Joy,  Dayid,  Barrow  Shipbuilding  Co.,  112  Fenchurch  Street,  London,  E.C. 
.  Jiingermann,  Carl,  Mfirklsch  Schlesische  Masdiinenbau  und  HuAten  Actien 

Gesellschaft,  3  Chauss^e  Strasse,  Berlin. 

•  Keen,    Arthur,     Patent     Nut     and    Bolt    Works,     Smethwick,    naav 

Birmingham. 
Kellett.  John,  27  King  Street,  Wigan. 

Kelson,  Frederick  Colthurst,  Greenbank,  Waterloo,  near  Liverpool. 
Kennan,  James,  Agricultural  Implement  Works,    19  Fishamble  Street, 

Dublin. 
Kennedy,  Alexander  Blackie  William,  Professor  of  Engineering,  University 

College,  Gower  Street,  London,  W.C. 
Kennedy,  James,  Cressington  Park,  Aigburth,  Liverpool. 
Kennedy,   John    Pitt,  Bombay    Baroda   and    Central  Indian  Bail  way, 

45  Finsbury  Circus,  London,  E.C. ;  and  29  Lupus  Street,  St.  George's 

Square,  London,  S.W. 
Kennedy,  Thomas  Stuart,  Wellington  Foundry,  Leeds. 
Kenriok,  George  Hamilton,  Messrs.  A.  Kenriek  and  Sons,  Spon  Lnne,  West- 

bromwich ;  and  Maple  Bank,  Church  Bood,  Edgbaston,  Birmingham. 
Kershaw,  John,  1  Arlington  Street,  Piccadilly,  London,  S.W. 
Kessler,  Emll,  Maschinenfabrik,  Esslingen,  Wurtemburg,  Germany. 
King,  William,  Engineer,  Liverpool  United  Gas  Works,  Duke  Street, 

livexpooL 
Kidi,  Alexander  CJamegie,  Messrs.  Bobert  Napier  and  Sons,  Lancefield 

House,  Glasgow ;  and  Govan  Park,  Govan,  Glasgow.  > 
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1877.  Kirk,  Henry,  HesBrs.  Kirk  Brothers  and  Co.,   Xew   Yard  Iron 

Workington. 
1875.  Kirkwood,  James,  Chief  Engineer,  Revenue  Steamer  "Fei-Hn,* 

Kong,  China :  (or  care  of  Frederick  Degenaer,  Zetland  8tree 

Kong,  China) ;  and  Broad  Street,  Denny. 
1864.  Kirtley,    William,    Locomotive    Superiptendent,  London    Chatha 

Dover  Railway,  Longhedge  Works,  Wandsworth  Road,  London, ; 
1859.  Kitson,  James,  Jun.,  Monk  Bridge  Iron  Works,  Leeds. 
1868.  Kitson,  John  Hawthorn,  Airedale  Foundry,  Leeds. 

1874.  Klein,  Thorvald,  Cliff  Vale  Wagon  Works,  Stoke-upon-Trent. 

1875.  Knight,  John  Henry,  Weyhoume  House,  Famham. 

1877.  Kortright,  Lawrence  Moore,  Superintendent  of  Public  Works,  St 

West  Indies;  and  care  of  G.  D.  Kortright,  Plas  Teg,  near  Mold,  Flii 

1872.  Laird,  Henry  Hyndman,  Messrs.  Laird  Brothers,  Birkenhead  Iron 
Birkenhead. 

1872.  Laird,    William,    Messrs.    Laird    Brothers,    Birkenhead     Iron 

Birkenhead. 

1 873.  Lamb,  William  James,  Newtown  and  Meadows  Collieries,  near  Wig 

1878.  Lamboum,  Thomas  William,  Mesiirs.  Ransomes  and    Bapier,  Wa 

Iron  Works,  Ipswich. 
1868.  Lancaster,  John,  Bilton  Grange,  Rugby. 
1877.  Lange,  Hermann  Ludwig,  Mauager,  Messrs.   Beyer    Peacock  an 

Gorton  Foundry,  Manchester. 

1879.  Langley,  Alfred  Andrew,  Engineer  in   Chief,  Great   Eastern  B^ 

Liverpool  Street,  London,  E.C. 
1879.  I^apage,  Richard  Herbert,  Locomotive  Superintendent,  Campana  Ri 

Buenos  Ay  res :  (or  care  of  Clement  Lapagc,  Nantwioh). 
1879.  Larsen,  Jorgen  Daniel,  7  Poultry,  London,  £.C.;   and  Rue  V^i 

Paris. 
1867.  Lawrence,  Henry,  The  Grange  Iron  Works,  Durham. 

1874.  Laws,  William  George,  Clarence  Iron  Works,  Leeds. 

1870.  Lay  bom,  Daniel,  Government   Eugineer   Surveyor,  Bangoon,  Bi 

India :  (or  care  of  EUery  Turner,  Norwood,  Beverley.) 
1856.  Laybourne,  Richard,  Isoa  Foundry,  Newpcot,  Honmouthahire. 
1860.  Lea,  Henry,  38  Bennett's  Hill,  Birmingham. 
1865.  Ledger,  Joseph,  Keswick. 

1862.  Lee,  J.  C.  Frank,  22  Great  George  Street,  Westminster,  8.W. 

1871.  Lee,  William,  Messrs.  Lee  Clerk  and  Robinson,  Gospel  Oak  Inm  1 

Tipton  ;  and  110  Cannon  Street,  London,  E.C. 

1863.  Lees,  Samuel,  Messrs.  H.  Lees  and  Sons,  Park  Bridge  Inm  V 

Ashton-under-Lyue. 
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1858.  liodiie,  Andrew,  Iron  ShipbnildiDg  Yard,  Hebbum  Quay,  Gkiteshead. 
1878.  Lewis,  Gilbert,  Manager,  New  Bridge  Foundry,  Adelphi  Street,  Salford, 

Manchester. 
1872.  licwia,  Richard  Amelius,  Messrs.  John  Spencer  and  Sons,  Tyne  Hematite 

Iron  Works,  Scotswood-on-Tyne. 
1860.  liOwia,  Thomas  William,  Bute  Mineral    Estate  Office,  Aberdare;    and 

Mardy,  Aberdare. 
1880.  Lightfoot,  Thomas  Bell,  Messrs.  J.  and  E.  Hall,  Iron  Works,  Dartford ; 

and  2  Granville  Park,  Blackheath,  London,  S.E. 
1856.  Linn,  Alexander  Grainger,  121  Upper  Parliament  Street,  Liverpool. 
1872.  Liinsley,  Samuel  W.,  13  Victoria  Terrace,  South  Shields. 

1876.  Llsbman,    Thomas,   Mining    Engineer,    Hetton    Colliery,    near    Fence 
Honses. 

F      1866.  Little,  George,  Messrs.  Piatt  Brothers  and  Co.,  Hartford  Iron  Works, 

Oldham. 
18C7.  Livesey,  James,  9  Victoria  Chambers,  Victoria  Street,  Westminster,  S.W. 
1867.  Lloyd,  Charles,  167  Howard  Place,  Shelton,  Stoke-upon-Trent. 
1871.  Lloyd,  Francis  Henry,  Darlaston  Steel  and  Iron  Works,  near  Wednesbury ; 

and  Wood  Green,  Wednesbury. 
1854.  Llojd,  George  Braithwaite,  Messrs.  Lloyds,  High  Street,  Birmingham. 

(l/i/<s  Mmnber.) 

1862.  Uojd,  John,  Lillesliall  Iron  Works,  Oakcngates,  near  Wellington, 
Shropshire ;  and  Priors  Lee  Hall,  near  Shifnal. 

18G4.  Lloyd,  Sampson  Zachary,  Arcley  Hall,  Stourport. 
1852.   Lloyd,  Samuel,  The  Farm,  Sparkbrook,  Birmingham. 

1863.  Loam,  Matthew  Hill,  Gas  and  Water  Engineer,  Ivy  House,  Colwich  Road, 
Nottingham. 

1879.  Ixjckhart,  William  Stronach,  4  Finsbury  Circus,  London,  E.C. 

1874.  Logan,  William,  Mining  Engineer,  Langley  Park  Colliery,  Durham. 

1880.  Longridge,  Michael,  Chief  Engineer,  Engine  and  Boiler  Insurance  Co., 
12  King  Street,  Manchester. 

1 856.  Longridge,  Bobert  Bewick,  Managing  Director,  Engine  and  Boiler  Insurance 
Company,  12  King  Street,  Manchester;  and  Yew  Tree  House,  Tabley, 
near  Knutsford. 

1875.  Longridge,  Bobert  Charles,  Eilrie,  Knutsford. 
1880.  Longworth,  Daniel,  Messrs.  Western  and  Co.,  Belvedere  Boad,  Lambeth, 

London,  S.E. 
1861.  Low,  George,  Bishop's  Hill  Cottage,  Ipswich. 
1878.  Lowe,  John  Edgar,  Messrs.  Boiling  and  Lowe,  2  Laurence  Pountney  Hill, 

London,  E.O. 
1873.  Looaa,  Arthur,  23  Delahay  Street,  Westminster,  S.W. 

1877.  Lupton,  Arnold,  Crossgates,  near  Leeds. 
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1878.  Lttthy,  Robert,  Manager,  Soho  Iron  Works,  Bolton. 

1854.  Lynde,  James  Gascoigne,  32  8t.  Ann's  Street,  Manchester. 

1878.  Lynde,  James  Henry,  32  St.  Ann*s  Street,  Manchester. 

1868.  Lyndon,  George  Frederick,  Minerva  Works,  Fazeley  Street,  Birmingham. 

1877.  MacCoU,  Hector,  Messrs.  James  Jack  and  Co.,  Victoria  Engine  Works^ 
Boundary  Street  West,  Yauxhall  Road,  Liverpool. 

1879.  Macdonald,   Augustus   YanZundt,    Manager,    Auckland   Section,    Sevm 

Zealand  Railways,  Auckland,  Nev  Zealand. 
1864.  Maofarlane,  Walter,  Saracen  Foundry,  Poesilpark,  Glasgow. 

1875.  Maclagan,  Robert,  Chief  Engineer,  Imperial  Mint,  Osaka,  Japan :  (or  car* 

of  Dr.  Machigan,  9  Cadogan  Place,  Belgrave  Square,  London,  S.W.) 

1877.  MacLellan,  John  A.,  Messrs.  Alley  and  MacLellan,  2  Peel  Street,  Londoa 

Road,  Glasgow. 

1864.  Macnab,  Archibald  Francis,  Japanese  Government  Service,  Yokohamiw 

Japan ;  and  2  Cyprus  Yillas,  Sutton  Grove,  Sutton,  Surrey. 

1865.  MacNay,  William,  Shildon  Engixie  Works,  Darlington. 

1865.  Macnee,  Daniel,  2  Westminster  Chambers,  Victoria  Street,  WestmiosteB 
S.W. ;  and  Rotherbam. 

1878.  Madge,  Henry  James,  Engineer  Inspector  of  Steam  Boilers,  19  Lall'BmnM 

Street,  Calcutta. 

1879.  Maginnis,  James  Porter,  10  Victoria  Chamber^  Victoria  Street,  Westminstec 

S.W. 
1873.  Mair,  John  €^rge,  Messrs.  Simpson  and  Co.,  Engine  Works,  101  Grotvencz 

Road,  Pimlico,  London,  S.W. 
1879.  Malcolm,    Bowman,    Locomotive  Superintendent,   Belfiut  and  Norther 

Counties  Railway,  Belfast 

1876.  Matilove,  William  Melland,  Messrs.  S.  Manlove  and  Sons,  Holy  Mo^ 

Sewing-Cotton  Spinning  Mills,  near  Chesterfield. 
1862.  Mansill,    Richard   Christopher,    Mechanical   Engineer,   South  Easter 

Railway,  Ashford. 
1875.  Mansergh,  James.  3  Westminster  Chambers,  Victoria  Street^  Westminst^ 

S.W. 
1862.  Mappin,  Frederick  Thorpe,  M.P.,  Messrs.  Thomas  TorUm  and  Sons,  6b^= 

Works,  Sheffield. 
18:>7.  March,  Ghiorge,  Messrs.  Maclea  and  Ifaroh,  UnUm  Foimdrj,  Dewsba=m 

Road,  Leeds. 
1878.  Mori^  George,   Engineer,   Chemins  de  far  de  Paris  k  Lyon  «t  k.     1 

M^iterran^  Bureaux  du  Mattel,  Boolevart  Maiaa,  Paris. 
1856.  Mnrkham,   Charles,    SUveley  Goal    and    Inm    Wocka,  Staval^, 

Chesterfield ;  and  Tapton  House,  Cbestorfteld. 
1871.  Marsh,  Henry  William,  Winterboome,  near  Bristol 
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Marshall,  Al&ed,  Peraeveranoe  Iron  Works,  Heneage  Street,  Whiteohapel, 

liondon,  £.;  and  Laurel  Bank,  Prospect  Hill,  Walthamstow,  Esaex. 

(2^/e  Member.) 
Marahall,  Frands  Carr,  Messrs.  R.  and  W.  Hawthorn,  Newcastle-on-Tyne. 
Marshall,  James,  Messrs.  Marshall  6ons  and  Co.,  Britannia  Iron  Works, 

Gbkinshorongh. 
Marshall,  William  Bayley,  General  Manager,   Staffordshire  Wheel  and 

Axle  Works,  Birmingham ;  and  14  Augofitus  Road,  Birmingham. 
Marshall,  William  Ehenezer,  1  Crossheck  Terrace,  Ilkley,  near  Leeds. 
Marshall,  William  Prime,  14  Augustus  Road,  Birmingham. 
Marten,  Edward  Bindon,  COiief  Engmeer,  Midland  Steam  Boiler  Inspection 

and  Assurance  Company,  56  Hagley  Street,  Stourhridge. 
Marten,  Henry  John,    Parkfield    House,  near  Wolverhampton;    and    4 

Storey's  Gate,  Westminster,  S.W. 
Martin,  Henry,  Hanwell,  Middlesex,  W. 

Martin,  Robert  Frewen,  Mount  Sorrel  Granite  Co.,  Loughborough. 
Martineau,    Francis    Edgar,    Globe     Works,    278    New    Town    Row, 

Birmingham. 
Massicks,  Thomas,  Millom  Iron  Works,  Millom,  Cumberland. 
Mather,    John,     London    and     South    Western    Railway,    Looomotiye 

Department,  Nine  Elms,  London,  S.W. 
Mather,    William,   Messrs.    Mather    and    Piatt,    Salford    Iron   Works, 

Manchester. 
.  Matthews,  James,  2  Lion  Chambers,  Broad  Street,  Bristol. 
.  Matthews,  Thomas  William,  6  Church  Road,  Heaton  Norris,  Stockport 
.  Mattos,  Antonio  Gomes  de,  Messrs.  Maylor  and  Co.,  Engineering  Works, 

136  Rua  da  Sande,  Rio  de  Janeiro,  Brazil:  (or  care  of  Messrs.  Fry 

Miers  and  Co.,  8  Great  Winchester  Street,  London,  E.C.) 
.  Maudslay,  Henry,  Westminster  Palace  Hotel,  Victoria  Street,  Westminster, 

8.W. :  (or  care  uf  John  Barnard,  47  Lincoln's  Inn  Fields,  London,  W.C.) 

(.Life  Member,y 
.  Maughan,    Thomas,     Engineer,     Cramlington     Colliery,    Cramlington, 

Northumberland. 
Maw,  William  Henry,  85  Bedford  Street,  Strand,  London,  W.C. 
May,  Robert  Charles,  6  Great  George  Street,  Westminster,  S.W. 
Maylor,  John,  Churton  Lodge,  Cburton,  near  Chester. 
Maylor,  William,  Ravenstone  House,  Farquhar  Road,  Upper  Norwood, 

London,  S.E. :  (or  care  of  Messrs.  Stanes  Watson  and  Co.,  4  Cullum 

Street,  Fenchurch  Street,  London,  E.C.) 
McCiean,  Frank,  23  Great  George  Street,  Westminster,  S.W. 
McConnochie,  John,  Engineer  to  the  Bute  Harbour  Trust,  New  Works, 

Bute  Docks,  Cardiff. 


878.  McDonald,  John  Alexander,  4  Chapel  Street,  Cripplegate,  London, 
865.  McDonnell,  Alexander,  Locomotive  Saperintendent,  Great  Soothe 

Western  Railway,  Dublin. 
868.  McKay.  Benjamin,  191  Moes  Lane  East,  Manchester. 
880.  McLachlan,    Juhn,  Messrs.  Bow  McLachUn   and  Co.,  Thistle  ] 

Works,  Paisley. 

879.  McLean,  William  Leckie  Ewing,  Lancefield  Forge  Ca,  Glasgow. 
863.  Meek,  Stnrges,  Resident  Engineer,  Lancashire  and  Yoikshiie  Ri 

Manchester. 

858.  Meik,  Thomas,  6  York  Place,  Edinborgh. 

857.  Menelaus,  William,  Dowlais  Iron  Works,  Dowlais. 

878.  Menier,  Henri,  37  Roe  Ste.  Croix  de  la  Bretonnerie,  Paris. 

876.  Menzies,  William,  Messrs.  Menzies  and  Blagbnm,  Exchange  Boi 

King  Street,  Newcastle-on-Tyne. 

877.  Merryweather,  Henry,  Messrs.  Merryweather  and  Sons,  Steam  Fire-l 

Works,  Yoric  Street,  York  Road,  Lambeth,  London,  S.E. 

875.  Merryweather,  James  Compton,  Messrs.   Merryweather  and  Sons 

Engine  Works,  63  Long  Acre,  London,  W.C. 
877.  Michele,  Yitale  Domenico  de,  5  Westminster  Chambers,  Victoria 

Westminster,  &W. 
862.  Miers,  Francis  C,  Messrs.  Fry  Miers    and    Co.,  8  Great   Win* 

Street,  London,    E.C.:    and  Eden   Cottage,    West    Wickham 

Beckenham. 
8J4.  Miers,  John  William,  74  Addison  Road,  Kensington,  London,  W. 
874.  Milbom,  John,  Hawkshead  Foundry,  Qoay  Side,  Workington. 
856.  Mitchell,  Charles,  Irtm  Shipbuilding  Yard,  Low  Walker,  Kewcai 

Tyne. 
870.  Moberly,  Charles   Henry,  Messrs.  Eastons    and    Andcfson,  Eritl 

Works,  Erith,  London,  S.E. 

879.  Mo&t,  Thomas,  Mining  Engineer,  Montreal  Iron  Ore  Mines,  Whitd 

879.  Molesworth,  Guilfcnd  Lindsay,  Consulting  Engineer  to  the  Qoiei 

of  India  for  State  Railways,  Supreme  Government,  India. 
872.  Moon,  Richard,  Jun.,  Peoyvoel,  Llanymynech,  Montgomeryshire. 

859.  Moor,  William,  Engineer.  Hetton  Colliery,  Hetton,  near  Fence  Hon 

876.  Moore,  Joseph,  RiMion   Iron   and   Locomotive   Works,  San  Fra 

California :  (or  care  of  Ralph  Moore,  Govemmeni  Inspector  of  ! 
Rutherglen,  Glasgow.) 
872.  Moorsom,  Warren  Maude,  Lome  Villa),  Ckvedoo. 

880.  Moreland,  Rkhaid,  Jun.,  Messrs.  Richaid  Holland  and  Bon,  8  Old  i 

St  Luke's,  Loodun,  E.C. 
867.  Morgans,  Thomas,  The  GoOdhalU  BristoL 
874.  Morris,  Edmund  Legb,  New  BtTer  Ollfee,  Cleilnnwell,  LondM,  E.G 
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1880.  Morris,   Edward   Roasell,  Messrs.  Oharlea    Fowls,  Carter,  and    Morris, 

Gjdops    Works,   Millwall    Pier,    London,  £. ;   and    Oakhill  House, 

Hampstead,  London,  N.W. 
186&  Mbrria,  William,  Waldridge  Colliery,  Chester-le-Street. 
1865.  Moaae,   James  Robert,  General  Director  of  Ceylon  Railways,  Dlmbula, 

Ceylon. 

1838.  Moimtain,  Charles  George,  Eagle  Foundry,  Broad  Street,  Birmingham. 
1873.  Muir,  Alfred,  Messrs.  William  Muir  and  Co.,  Britannia  Works,  Sherborne 

Street,  Strangeways,  Manchester. 
1873.  Muir,  Eklwin,  26  King  Street,  Manchester. 
1863.  Mair,  William,  16  Clyde  Terrace,  Brockley  Road,  New  Cross,  London, 

S.E, 
1876.  Mnirhead,  Richard,  Messrs.  Drake  and  Muirhead,  Maidstone. 
1865.  Iftordock,  William  Mallabey,  Sun  Foundry,  Dewsbury  Road,  Leeds. 
1863L  Bf  usgraTe,  John,  Gk>bo  Iron  Works,  Bolton. 


1870.  N'apier.  James  Murdoch,  Messrs.  David  Napier  and  Sun,  Vine  Street, 

York  Road,  Lambeth,  London,  S.E. 
lSi8.  Napier,  John,  23  Portman  Square,  London,  W. 

M'aylor,  John  William,  Wellington  Foundry,  Leeds. 

M'eilaon,  Walter  Montgomerie,  Hyde  Park  Locomotiye  Works,  Glasgow  ; 

and  Queen's  Hill,  Rlngford,  Kirkcudbrightshire. 
M'elaon,  James,  Marine  and  Stationary  Engine  Works,  Gateshead. 
M'ettlefold,  Joseph  Henry,  Screw  Works,  Broad  Street,  Birmingham. 
N'eville,  Robert,  Butleigh  Court,  Glastonbury. 
bewail,   Robert  Stirling,   F.R.S.,  Wire    Rope  Works,  Crateshead;    and 

Femdene,  Gateshead, 
l^ewdigate,  Albert  Lewis,  25  Crayen  Street,  Charing  Cross,  London,  W.C. 

{lAft  Ifemier.) 
Hioolaoo,  Donald,  New  Zealand  Chambers,  34  Leadenhall  Street,  London, 

E.C. 
Norfolk,  Richard,  Beverley. 
Korris,  William  Gregory,  Coalbrookdale    Iron    Works,    Coalbrookdole, 

Shropehire. 
Korth,  Frederic  William,  Mining  Engineer,  Rowley  Hall  Colliery,  Rowley 

Regis,  near  Dudley. 
1878«  Northoott,  William  Henry,  General  Engine  and  Boiler  Co.,  Hatcbam  Iron 

Works,  Pomeroy  Street,  New  Cross  Road,  London,  S.E. ;  and  125  Queen's 

Boad,  Peokham,  London,  S.E. 


1869. 
1860. 
1879. 
1879. 

1866. 

1877. 

1866. 


1868.  O'Connor,  Charles,  Mersey  Steel  and  Iron  Works,  Caryl  Street,  Liverpool. 
1875.  Okes,  John  Charles  Raymond,  39  Queen  Victoria  Street,  London,  E.C. 
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1880.  Oldham,  Bohert  An^^tas,  6  Westminster  Chambers,  Yictoria  S' 
Westminster*  S.W.;  and  Whitehall  Club,  Parliament  Si 
Westminster,  S.W. 

1866.  OliTer,  William,  Victoria  and  Broad  Oaks  Iron  Works,  Chesterfield. 

1867.  OMok,  Lewis,  27  Leadenball  Street,  London,  E.a 

1880.  Ormiston,  Thomas,  Consulting  Engineer  to  the  Bombay  Port  T 
Ormidale,  Thurlow  Park  Road,  West  Dolwich,  London,  S.E. 

1870.  Osbom,  Samnel,  Clyde  Steel  and  Lron  Worbt,  ShefiBeld. 

1867.  Oughteraon,  G^rge  Blake,  care  of  Peter  Brotherhood,  56  Compton  St 

G  OS  well  Bead,  London,  E.C. 
1847.  Owen,   William,  MTheathill  Foundry,  Roiherfaam;  and  Clifton  H< 
Botherham. 

1868.  Paget,  Arthur,  liachine  Works,  Loughborough. 

1877.  Panton,  William  Henry,  General  Kanagec,  Stockton  Forge,  Btockioi 
Tees. 

1877.  Park,  John  Carter,  Locomotive  Engineer,  North  London  Railway,  1 

London,  E. 

1871.  Parke,  Frederick,  Bowling  Iron  Co.'s  Works,  Withnell  Chorley. 

1872.  Parker,  Thomas,    Carriage    Superintendent,    llauchester   ShefSeld 

Linoolnshire  Railway,  Gorton,  near  Manchester. 

1879.  Parker.  William,  Chief  Engineer  Sarveyor,  Lloyd's  Roister,  2  White  j 

Court,  Comhill,  London,  E.C. 

1871.  Parkes,  Persbouse,  Tipton  Chain  Warks,  Castle  Street,  Tipton. 

1878.  Parsons,  The  Hon.  Richard  Clere,  Airedale  Fomidiy,  Leeds. 

1877.  Paton,  John  MoClure  Caldwell,  Soarabaya,  Java:  (or  oare  of  Messrs.  Man 

Alliott  and  Co.,  BloomsgroTe  Works,  Ilkestoa  Road,  Nottingham.) 

1872.  Paxman,  James  Noah,  Messrs.  Dayey  Paxman  and  Co.,  Standard  J 

Works,  Colchester. 

1880.  Peache,  James  Conrthope,  Loeomotive  Works,  London  and  North  West 

Railway,  Crewe. 

1869.  Peacock,    Ralph,    Messrs.    Beyer   Peacock   tmd   Co.,  Gorton  Found 

Manchester. 
1869.  Peacock,  Ralph,  Aire  and  Calder  Foundry,  Goole. 
1847.  Peacock,  Richard,  Messrs.  Beyer   Peaeock  and  Co.,   G<Hrtoa  FooBdi 

Manchester ;  and  Gorton  Hall,  Gorton,  near  Maoohesler. 
1874.  Peaker,  George,  Engineer   to  the  Small  Arms   Ammniiitioii  Ficioi 

Kirkee,  India. 

1879.  Pearoe,  George  Cope,  2  St.  Helen's  Cxeioent,  BwaoKft. 

1878.  Pearoe,  Richard,   Deputy  Carriage  and  Wagon   SnperiiitsodeDt,  tt 

Indian  RaUway,  Howrab,  Bengal,  India:  (or  eara  of  W.  J.  TItk 
57  Linoohi's  Inn  Fields,  London,  W.a) 
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1867.  Fearoe,  Bobert  Webb,  Garriage  Superintendent,  East  Indian  Railway, 

Howiah,  Bengal,  India. 
1873.  Penn,    John,    Meesra.    John     Penn    and    Sons,     Marine    Engineers, 

Greenwich,  8.E. 

1873.  Penn,    William,    Messrs.    John    Penn    and    Sods,    Marine    Engineers, 

Greenwich,  &E. 

1874.  Peicj*  Ooroelins  McLeod,  Wigan  Goal  and   Iron  Works,  Kirkless  Hall, 

Wigan. 
1861.  Perkins,  Loftus,  Messrs.  A.  M.  Perkins  and  Son,  6  Seaford  Street,  Regent 

Square,  London,  W.G. 
1879.  Perkins,   Stanhope,  Assistant  Locomoti?e   Superintendent,    Manchester 

Sheffield  and  Linoolnshire  Railway,  Gorton,  Manchester. 
1863.  Perry,  Thomas  J.,  Highfields  Engine  Works,  Bilston. 
1865.  Perry,  William,  Glaremont  Place,  Wednesbury. 

1878.  Phillips,  John,  Manager,  Messrs.  J.  and  G.  Rennie,  Albion  Iron  Works, 

Holland  Street,  Blaokfriars  Road,  London,  S.E.;  and  84  Blackfriars 
Scad,  London,  S.E. 

1876.  Piercy,  Henry  James  Taylor,  Messrs.  Piercy  and  Go.,  Broad  Street  Engine 

Works,  Birmingham. 

1877.  Pigot,  Thomas  FmnclB,  Professor  of  Engineering,  Royal  GoUege  of  Science 

for  Ireland,  Dublin. 
1876.  Pinel,  Gharles  Louis,  Messrs.  Lethuillier  and  Pinel,  26  Rue  Meridienno, 
Bouen,  France. 

1879.  Pitt,  Robert,  Messrs.  Stothert  and  Pitt,  Newark  Foundry,  Bath. 

1878.  Pitts,   George   Albert,  care  of  Messrs.   J.  and   W.  Pitts,   St.  John's, 

Newfoundland. 
1871.  Piatt,  James,  Messrs.  Fielding  and  Piatt,  Atlas  Iron  Works,  Gloucester. 
1867.  Piatt,  Samuel  Radoliffe,  Messrs.  Piatt  Brothers  and  Go.,  Hartford  Iron 

Works,  Oldham. 
1878.  Platts,  John  Joseph,  Ayonside  Engine  Works,  Bristol;   and  8  Albion 

Villas,  Sydenham  Park,  London,  S.E. 
1869.  Player,  John,  Glydach  Foundry,  near  Swansea. 
1876.  Pollock,  Julius  Frederick  Moore,  Modsrs.  Pollock  and  Pollock,  Longclose 

Woiks,  Newtown,  Leeds. 
1876.  Pooley,  Henry,  Messrs.  Henry  Pooley  and  Son,  Albion  Foundry,  Liyerpool. 
1869.  Potter,    William    Aubone,      Mining     Engineer,    'Gramlington     House, 

Oramlington,  Northumberland. 
1864.  Potts,  Benjamin  Langford  Foster,  174  Gamberwell  Grove,  London,  S.E. 
1851.  Potts,  John  Thorpe,  Messrs.  Richmond  and  Potts,  119  South  Fourih 

Street,  Philadelphia,  Pennsylvania,  United  States. 
1878.  Powell,  Henry  Goke,  Messrs.  Bartrum  Powell  and  Go.,  35  Queen  Victoria 

Street,  London,  E.G. 
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1870.  Powell,  Thomas  (Son),  Messrs.  Thomas  and  T.  Powell,  23  Bne  St 
Rouen,  France. 

1874.  Powell,  Thomas  (Nephew),  Messrs.  Thomas  and  T.  Powell,  23 

Jolien.  Rouen,  France. 
1867.  Powell  William,  Garleton,  Pontefraci. 

1867.  Pratchitt,  John,  Messrs.  Pratchitt  Brothers,  Denton  Iron  Works,  Ca 
1865.  Pratchitt,  William,  Messrs.  Pratchitt    Brothers,    Denton    Iron 

Carlisle. 
1856.  Preston,  Francis,  Tumbridge  Iron  Works  and  Forge,  Hnddersfie 

Netherfield  House,  Eirkburton,  near  Huddersfield. 

1877.  Price,  Henry  Sherley,  Albert  Chambers,  Albert  Square,  Manchestei 
18G6.  Price,  John,  General  Manager,  Messrs.  Palmer's  Shipbuilding  ai 

Works,  Jarrow ;  and  Rose  Villa,  Gateshead  Road,  Jarrow. 

1875.  Prior,  Johannes  Andreas,  33  Bredgade,  Copenhagen. 

1874.  Prosst^r,  William    Henry,    Me«sr8.   Harfield    and    Co.,    Mansion 

Buildings,  Queen  Victoria  Street,  London,  E.C. 

1875.  Provis,  George  Stanton,  Whitehall  Club,  Parliament  Street,  Webts 

S.W. 
ISGG.  Putnam,  William,  Darlington  Forge,  Darlington. 

1878.  Quillacq,  Augustus  de,  Socidt^  anonyme  de  ConBtractiona  meci 

d*Anzin,  Anzin  (Kord),  France. 

1873.  Radcliffe,  Arthur  Henry  Wright,  5  Carr's  Lane.  Birmingham. 
1870.  Radcliffe,  William,  Camden  Hou^e,  Collegiate  Crescent,  &h<:ffield. 
1878.  Radford,  Richard  Heber,  15  St  James*  Row,  Sheffield. 
18G8.  Rafarel,  Frederic  William,  Cwmbran  Nut  and  Bolt  Works,  near  N< 

Monmouth  shire. 
1878.  Rait,  Henry  Milncs,  Messrs.  Rait  and  Lindsay,  Cranstonhill  Fc 

Glasgow;  and  155  Fenchurch  Street,  London,  E.C. 
1847.  Ramsbottom,  John,  Femhill,  Alderley  Edge,  Cheshire. 
186G.  Ramsden,  Sir  James,  Abbot's  Wood,  Barrow-in-Fumcss. 
1878.  Ramsden,  Robert,  177  Kingsland  R9ad,  London,  E. 
1860.  Ransome,  Allen,  304  King's  Road,  Chelsea,  London,  S.W. 
1869.  Ransome,  Robert  Charles,  Messrs.  Ransomes  Sims  and   Head,  ( 

Works,  Ipswich. 
1862.  Ransome,  Robert  James,  Messrs.  Ransomes  and  Bapier,  Watenid 

Works,  Ipswich. 
1873.  Rapier,  Richard  Christopher,  Messrs.  Bansomes  and  Bapier,  Wa^ 

Iron  Works,  Ipswich;  and  5  Westminster  Chambers*  Victoria  1 

Westminster,  S.W. 
1867.  Ratlifie,  George,  Mersey  Steel  and  Iron  Works,  Caryl  Stnet.  LiToipo 
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^  RaTenhill,  John  B.,  27  Gourtfield  Gardens,  South  Kensington,  London, 
8.W. 

2.  HawUna,  John,  Manager,  Metropolitan    Railway  Carriage  and  Wagon 

Works,  Saltley,  Birmingham. 

8.  Bawlinson,  Bobert,  C.B.,  Chief   Inspector,  Local    Government   Board, 

Whitehall,  London,  S.W. 
0.  Reed«  Sir  Edward  James,  K.C.B.,  M.P.,  F.B.S.,  Broadway  Chambers, 
Westminster,  S.W. 

9.  Bennie,  George  Banks,  Messrs.  J.  and  G.  Bennie,  Albion  Iron  Works, 

Holland   Street,   Blackfriars  Boad,  London,  S.E. ;  and  20  Lowndes 
Street,  Lowndes  Square,  London,  S.W. 

3.  Rennie,  John,  Metropolitan  Buildings,  63  Queen  Victoria  Street,  London, 

E.C. 
9.  Bennie,  John  Keith,  Messrs.  J.  and  G.  Bennie,  Albion  Iron  Works,  Holland 

Street,  Blackfriars  Boad,  London,  S.E. 
5.  Bestler,  James  William,  Assistant  Engineer,   South wark  and  Yauxhall 

Water  Works,  Sumner  Street,  Southwark,  London,  S.E. 

2.  Reynolds,  Edward,  Messrs.  Yickers  Sons  and  Co.,  Biver  Don  Works, 

Sheffield. 
h  Reynolds,  George  Bernard,  Assistant  Manager,  Warda  Coal  State  Bailway, 

Warora,  Central  Provinced,  India:   (or  care  of  Messrs.   Stilwell,  22 

Arundel  Street,  Strand,  London,  W.C.) 
>.  Rich,    William    Edmund,    Engineer,    Messrs.    Eastons  and    Anderson, 

3  Wijitehall  Place,  London,  S.W. 
S.  Richards,  Edward  Windsor,    Messrs.  Bolckow  Yaughan  and   Co.,  Iron 

Works,  Middlesbrough. 
S.  Richards,  Josiah,  Pontypool  Iron  and  Tinplate  Works,  Pontypool. 

3.  Richardson,  The  Hon.  Edward,  C.M.G.,  Minister  of  Public  Works,  Christ- 

church,  Canterbury,  New  Zealand. 
5.  Richardson,  John,  Methley  Park,  near  Leeds. 

3.  Richardson,  John,  Engineer  to  Messrs.  Bobey  and  Co.,  Perseverance  Iron 

Works,  Lincoln. 
9.  Richardson,  William,  Messrs.  Piatt  Brothers  and  Co.,    Hartford  Iron 
Works,  Oldham. 

4.  Riches,    Tom    Hurry,   Locomotive  Superintendent,  Ta£f  Yale  Builway, 

Cardiff. 

3.  Biekaby,  Alfred  Austin,  Bloomfield  Engine  Works,  Sunderland. 
9.  Bidley,  James  Cartmell,  Queen  Street,  Newcastle-on-Tyne. 

%  Bigby,    Samuel,    Messrs.    Armitage    and    Bigbys,    Cock    Hedge  Mill, 
Warrington. 

4.  Biley,  James,  General  Manager,  Steel  Company  of  Scotland,  150  Hope 

street,  GU^gow. 

D 
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1879.  Riiom,  Alfred  John,  Superintendent  Colonial  Section,  School  of  Piicti^ 

Engineering,  Crystal  Palace,  Sydenham,  S.E. 
1879.  Boberts,  Thomas  Herbert,  Assistant  Mechanical  Saperintesdent,  Gra^ 

Trunk  Railway,  Brockville,  Ontario,  Canada. 
1879.  Ilobertson,  Duncan,  Principal  Surveyor  for  Scotland,  Underwriters*  Begis^ 

for  Iron  Vessels,  30  Gordon  Street,  GUegow. 
1848.  Robertson,   Henry,    M.P.,    Great   Western  Railway,  Shvewsbuiy;   ^xi 

13  Lancaster  Gate,  London,  W. ;  and  Pale,  Corwen. 
1879.  Robertson,  William,  Messrs.  Boyd  and  Co.,  Engineers  and  Shipbnilderi 

Shanghai,  China :  (or  care  of  Donald  Nioolson,  New  Zealand  Chambers, 

34  Leadenhall  Street,  London,  E.C.) 
1874.  Robinson,  Henry,  7  Westminster  Chambers,  Victoria  Street,  Westminster^ 

S.W. 
1876.  Robinson,  James  Salkeld,  Messrs.  Thomas  Robinson  and  Son,  Rochdale. 
1859.  Robinson,  John,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  WoikH,  Manchester ; 

and  Westwood  Hall,  Leek,  near  Stoke-npon-Trent. 
1878.  Robinson,  John  Frederick,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  Works, 

Manchester. 

1878.  Robinson,  Thomas  Neild,  Messrs.  Thomas  Robinson  and  Son,  Ruilway 

Works,  Rochdale. 

1866.  Robson,  Thomas,  Mining  Engineer,  Lumley  Thicks,  Fence  Houses. 

1879.  Rodger,  William,  7  Rampart  Row,  Bombay. 

1872.  Rofe,  Henry,  Resident  Eugineer,  Nottingham  Water  Works,  St  Peter'i 

Gate,  Nottingham  ;  and  111  Forest  Road  West,  Nottingham. 
1868.  Rogers,  William,  East  London  and  Queenstown  Railway,  Qaeenstown, 

Cape  of  Good  Hope:    (or  care  of  J.  Kenyon    Rogers,   9a   Towei 

Chambers,  Liverpool.) 
1878.  Rolfe,    Charles    Spencer,   5   Westminster    Chambers,    Victoria    Street 

Westminster,  S.W. 
1871.  Rollo,  Duvid,  Messrs.  David  Rollo  and  Sons,   Fulton  Engine  Works, 

10  Fulton  Street,  LiverpooL 

1867.  Rose,  Henry  Full  wood,  Albert  Iron  Works,  Moxley,  near  Wednetbory. 
1867.  Roi<e.  Thomas,  Machine  Works.  37  Victoria  Street,  Manchester. 

1874.  Robs,  John  Alexander  George,  34  Colling vrood  Street,  Newoastle-on-Tyne, 
185G.  Rouse,  Frederick,  Great  Northern  Railway,   LocomotiTe   Depiartment, 

Peterborough. 
1878.  Routh,  William  Pole,  25  Rua  de  8.  Frandsoo,  Oporto,  Portugal :  (or  canol 

Cyril  E.  Routh,  30  Jewry  Street,  Cmtohed  Friars,  London,  £.a) 
1880.  Routle<lge,  Thomas,  Ford  Paper  Works,  Sunderland;  and  GUaheagH 

Sunderland. 
18G0.  Rumble,  Thomas    William,  Chief  Engineer,  SoathwMk  and  Tanzlial] 

Water  Works,  Sumner  Street,  Bouthwark,  London,  &&  (£(f«  Jfimkr.J 
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1878.  Ruaael],  Tiie  Hon.  William,  George  Town,  Demerara ;  and  65  Hulland 
Park,  London,  W. 

1867.  RnBton*  Jo8e|^  MesBrs.  Ruston  FrocioT  and  Co.,  Sheaf  Iron  Works, 

Ldncoln. 
1877.  Rutier,  Edward,  Messrs.  Seaward  and  Co.,  Canal  Iron  Works,  Mill  wall, 

Xxnidon,  £. 
1866.  Byland,  Frederick,^e6srs.  A.  Kenrick  and  Sons,  Spon  Lane,We8tbromwich. 

1866.  Sacr^  Alfred  Lonis,  60  Queen  Victoria  Street,  London,  ELC 
1859.  Sacr^,  Charles,  Locomotiye   Superintendent,  Manchester  Sheffield   and 
Lincolnshire  Bailway,  Manchester. 

1868.  Seoi^  Edward  Antoine,  26  Parliament  Street,  Westminster,  S.W. 
1864.  Said,   Colonel  M.,  Pasha,  Engineer,  Torkish   Service,   Constantinople: 

(or  care  of  J.  C.  Frank  Lee,  22  Great  George  Street,  Westminster, 

8.W.) 
1859.  Salt,  George,  Sir  Titus  Salt,  Bart.,  Sons  and  Co.,  Saltaire,  near  Bradford. 
1874.  Sampson,  James  Lyons,  Messrs.  Da?id  Hart  and  Co.,  North ,  London  Iron 

Works,  Wenlock  Road,  City  Road,  London,  N. 

1864.  Samuda,  Joseph  lyAguilar,  Iron  Ship  Building  Yard,  Isle  of  Dogs,  Poplar, 

London,  E. 

1865.  Scunuelson,  Bemhard,  M.P.,   Britannia  Iron  Works,  Banbury;    and  56 

Prince's  Gate,  South  Kensington,  London,  S.W. ;  and  Lupton,  Brixham, 

South  Deyon. 
1871.  Sanders,  Richard  David,  Oak  Mount,  128  Hagley  Road,  Birmingham. 
1864.  Sanderson,  John,  South  End,  Wigton. 

1874.  Sauv^  Albert,  22  Parliament  Street,  Westminster,  S.W. 

1880.  Saxby,    John,   Messrs.    Saxby    and    Farmer,    Railway    Signal    Works, 

Canterbury  Road,  Eilbum,  London,  N.W. 
1869.  Scarlett,   James,    Messrs.   E.   Green  and    Son,   14    St.   Ann's    Square, 

Manchester. 
1880.  Schram,  Richsrd,  9  Northumberland  Street,  Strand,  London,  W.C. 

1876.  Scott,  David,  Dacca,  Bengal,  India :  (or  care  of  Oriental  Bank  Corporation, 

Calcutta.) 

1875.  Scott,  Frederick  Whitaker,  Messrs.  Scott  Brothers,  Wire  and  Hemp  Rope 

Works,  West  Gorton,  Manchester. 
1868.  Scott,  George  Lamb,  46  Lancaster  Avenue,  Fennel  Street,  Manchester. 

1877.  Sooit,  Irving  M.,  Messrs.  Prescott  Scott  and  Co.,  Union  Iron  Works,  San 

Francisco,  California. 
1861.  Scott,  Walter  Henry,  Park  Road,  East  Molesey,  Kingston-on-Thames. 
1868.  Soriven,  Charles,  Messrs.  Scriven  and  Holdsworth,  Leeds  Old  Foundry, 

Marsh  Lane,  Leeds. 
1861  Seddon,  John,  98  Wallgate,  Wigan. 
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7  Hastings  Street,  Calcutta. 
1803.  Sharp,  Henry,  Bolton  Iron  and  Steel  Works,  Bolton. 

1875.  Sharp,  Thomas  Bud  worth,  Managing  Engineer,   Montz  Metal  Yf 

Birmingham. 
1867.  Sharpe,  Charles  James,  27  Great  George  Street,  Westminster,  8.W. 
18CU.  Sharrock,  Samuel,  Windsor  Iron  Works,  Garston,  near  LiTerpool; 

110  Cannon  Street,  London,  £.C. 
18G4.  Shaw,  Dnncan,  Mining  Engineer,  Cordoba,  Spain. 
1379.  Shaw,  Henry  Selby  Hele,  Assistant  to  Professor  of  Engineering,  UniYi 

College,  Bristol. 
1856.  Shelley,   Charles   Percy   Bysshe,    45   Parliament    Street,  Westmii 

S.W. 
1861.  Shepherd,  John,  Union  Foundry,  Hunslet  Boad,  Leeds. 

1876.  Shield,  Henry,  Messrs.  Fawoett   Preston   and  Co.,  Phosnix  Fom 

17  York  Street,  Liverpool. 

1872.  Shoolbred,  James   Nelson,   3  Westminster   Chambers,  Victoria  St 

Westminster,  S.W. 
1859.  Shuttleworth,  Joseph,  Messrs.  Clayton  and  Shuttleworth,  Stamp  End '. 

Works,  Lincoln. 
1851.  Siemens,    Charles   William,   D.C.L.,    F.R.S.,    12    Qaeen   Anne's  G 

Westminster,  S.W. ;  and  3  Palace  Houses,  Bayswater  Boad,  London, 
1871.  Simon,  Henry,  7  St.  Peter  s  Square,  Manchester. 

1877.  Simonds,  William  Turner,  Messrs.  J.  C.  Simonds  and  Son,  Oil  MiUs,  Boi 

{Life  Member.') 

1873.  Simpson,  Alfred,  Denmark  House,  Alexandra  Road,  St.  John's  W 

near  Hull. 
1876.  Simpson,  Arthur  Telford,  Engineer,  CheUea  Water  Works,  35  Comme^ 
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Sitter,  Uaacy  Gloooeiter  Wagon  Works,  Qloaoester. 
SUngbter,  Edward,  4  Clifton  Park,  Clifton,  Bristol. 
Smethnrst,  William,  Menrs.  Dewhnrst  Hoyle  and  Smethnrsi,  Qarswood 
Hall  Colliery,  Ashton,  near  Wigan. 

.    Smith,    Allison    Dalrymple,    Locomotiye     Superintendent,    Canterbury 
Bailwaya,  Christchurch,  New  Zealand. 

.   Smith,   Obarles,    Manager,    Messrs.    Thomas    Bicbardson    and    Sons, 
Hartlepool  Iron  Works,  Hartlepool. 

.  Smith,  Charles  Hubert,  Engineer  and  Shipwriglit  Surveyor  to  the  Board  of 
Trade,  St  Katharine  Dock  House,  Tower  Hill,  London,  E. 

.  Smith,  Edward  Fisher,  The  Priory  Offices,  Dudley. 

.  Smith,  G^rge  Fereday,  Groveburst,  Tunbridge  Wells. 

.  Smith,  Henry,Messrs.  Hill  and  Smith,  Brierley  Hill  IronWorks,Brierley  Hill. 

'.  Smith,  John,  Brass  Foundry,  Traffic  Street,  Dei  by 

.  Smith,  John,  Messrs.  Thomas  Bobinson  and  Sou,  Koohdale. 

.  Smith,  Josiah  Timmis,  Hssmatite  Iron   and   Steel  Works,    Barrow-in- 
Furness. 

L  Smith,  Michael  Holroyd,  Royal  Insurance    Buildings,  Crossley   Street, 

V.  Smith,  William,  Messrs.  William  Smith  and  Sons,  Partick  Engine  Works, 

Glasgow. 
).  Smith,  William  Ford,  Messrs.  Smith  and  Coventry,  Gresley  Iron  Works, 

Ordsal  Lane,  Salford,  Manchester^ 
d.  Sokolofi^  Major-General  Alexander,  Engineer,  Bussian  Imperial  Service, 

Steam  Marine  Department,  Cronstadt,  Bussia :  (or  care  of  Messrs.  W. 

Collier  and  Co.,  2  Greengate,  Salford,  Manchester.) 
S«  Sopwith,  Thomas,  Mining  Engineer,  6  Great  George  Street,  Westminster, 

S.W. 
^-  Soyres,  Francis  Johnstone  de,  Messrs.  Bush  and  De  Soyres,  Bristol  Iron 

Foundry,  Bristol. 
^  8peok,  Thomas  Samuel,  Resident  Engineer  and  Locomotive  Superintendent, 

Metropolitan  District  Bailway,  Lillie  Bridge  Works,  West  Brompton, 

London,  S.W. 
-  Bpenoer,  Alfred  G.,  Messrs.  George  Spencer  and  Co.,  77  Cannon  Street, 

London,  E.C. 

*  8penoer,  Eli,  Messrs.   Piatt   Brothers  and  Co.,   Hartford   Iron  Works, 

Oldham. 

•  Bpenoer,  George,  Messrs.  George  Spencer  and  Co.,  77  Cannon  Street, 

London,  E.C. 

*  8penoer,  John,  Vulcan  Tube  Works,  Westbromwich. 

•  Spencer,  John  W.,  Newbum  Steel  Works,  Newoastle-on-Tyne. 
^<  Spencer,  Thoma«,  Newbum  Steel  Works,  Newcastle-on-Tyne. 
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18G6.  Stephens,  John  Clasaon,  Messrs.  Stephens  and  Co.,  Vulcan  Iron  *> 
Sir  John  Kogerson's  Quay,  Dublin. 

1874.  Stephens,     Michael,     Locoinotivo     Superintendent,    Cupe    GoTer 

Railways,  Gape  Town,  Cape  of  Good  Hope. 
1868.  Stephenson,    George    Robert,    9   Victoria    Chambers,    Yictorim    ! 
Westminster,  S.W. 

1879.  Stephenson,  Joseph  Gordon  LeyceAter,  6  Drepefs'  Gardens,  Throgi 

Street,  London,  E.C. 

1876.  Sterne,  Louis,  Messrs.  Thomson  Sterne  and  Co.,  Grown  Iron  T 

Glasgow ;  and  9  Victoria  Chambers,  Victoria  Street,  Westminster, 

1875.  Stevens,  Arthur  James,  Uskside  Iron  Works,  Newport,  Monmoathshi 
1878.  Stevenson,  George  Wilson,  4  Westminster  Chambers,  Victoria   S 

Westminster,  S.W. 

1877.  Stewart^  Alexander,  Mannger,   Messrs.  Thwaites  Brothers,  Yoloan 

Works,  Thornton  Road,  Bradford. 
1859.  Stewart,  Charles   P.,    Messrs.    Sharp   Stewart   and    Co.,   Atlas  ^ 
Manchester ;  and  Silwood  Park,  Sunninghill,  near  Staines. 

1878.  Stewart,  Duncan,  Messrs.  Duncan  Stewart  and  Co.,  London  Boad 

Works,  Glasgow. 
1851.  Stewart,  John,  Blackwall  Iron  Works,  Poplar,  London,  £. 

1880.  Stirling,   James,    Locomotive   Superintendent,  South  Eastern   Bail 

Ashford. 
1867.  Stirling,  Patrick,  Locomotive  Superintendent,  Great  Northern  Bai! 

Doncaster. 
1875.  Stoker,  Frederick  William,  Manager,  Messrs.  Johnson  and  Beay^ 

Moor  Iron  Works,  Stockton-on-Tees. 
1877.  Stokes,  Alfred  Allen,  Chief  Assistant  Locomotive  Superintendent,^ 
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^^^-    Stioodlej,  Willium,  Locomotiye  Superintendent,  London  Brighton  and 

Sonth  Coast  Bailway,  Brighton ;  and  Bosvlgo,  Preston  Park,  Brightonk 
^^S.   fitrype,  William  George,  The  Murrough,  Wicklow. 
^  *^^  1 .   Sumner,  William,  2  Brazennose  Street,  Manchester. 
'-^^S,  Sotcliffe,  Frederic  John  Kamshottom,  Engineer,  Low  Moor  Lron  Works, 

near  Bradford. 
^^80.  Sutton,  Thomas,  Garria^  and  Wagon  Superintendent,  Fumess  Baiiway, 

BaiTOw-in-Fumess. 
^  860.  Swindell,  James  Evers,  Parkhoad  Lron-  Works,  Dudley  ;  and  Oldswinford, 

near  Stourbridge. 
^8^.  Swindell,  James  Swindell  Eyers,  Queen's  Chambers,  8  Cherry  Street^ 

Birmingham ;  and  Clent  House,  Stourbridge. 

1S78.  Taite,  John  Charies,  Messrs.  Taite  and  Carlton,  63  Queen  Victoria  Street^ 

London,  E.C 
1>OT5.  Tangye,   George,    Messrs.    Tangye  Brothers,    Comrwall   Works,    Soho,. 

Birmingham. 
1861.  Tangye,    James,    Messrs.    Tangye   Brothers,.  Cornwall   Works^  Soho^ 

Birmingham ;  and  Aviary  Cottage,  Illognn,  near  Redruth. 
1879.  Tartt,  Wiltiam,  Superintending  Engineer,  Euphrates  and  Tigris  Steam 
Navigation  Company,  Bussora  and  Bagdad :  (or  cave  of  William  Cole, 
85  Grove  Road,  Regent's  Pavk,  London,  N.W.) 
1876.  Taunton,  Richard  Hobbs,  Messrs.  Taunton  and  Hay  ward,    Star   Tube 

Works,  Heneage  Street,  Birmingham. 
1874.  Taylor,  Henry  Enfield,  Mining  Engineer,  15  N-ewgate  Street,  Chester. 
1858.  Taylor,  James,  Britannia  Engine  Wor]&«,  Cleveland  Street,  Birkenhead. 
1862.  Taylor,  John,  Mining  Engineer,  6  Queen  Street  Place,  Upper  Thames- 
Street,  London,  E.C. 
^873.  Taylor,  John,  Midland  Foundry,  Queen's  Road)  Nottingham. 
^7*  Taylor,  Joseph,  Corinthian  Villa,  Aoock's  Green,  near  Birmingham. 
«»75,  Taylor,  Joseph  Samuel,  Messrs.  Taylor  and  Challen,  Derwent  Foundry, 

99  Constitution  Hill,  Birmingham. 
^^*  Taylor,    Percyvale,    Panther    Lead    Smelting    Works,    Avon    Street, 

St  Philip's,  Bristol. 
^2-  Taylor,  Richard,  Mining  Engineer,  6  Queen  Street  Place,  Upper  Thames 

Street,  London,  E.C. 
^6.  Taylor,  William  Henry  Osborne,  Panteg  Steel  and  Engineering  Works, 

Panteg,  near  Pontypool. 
^^*  Tennant,  Charles,  M.P.,  The  Glen,  Innerleithen,  near  Edinburgh.    (Life 

877^  Thorn,  William,  Messrs.  W.  and  J.  Yates,  Canal  Foundry,  Blackburn. 
^^*  Thomas,  Joseph  Lee,  16  Holland  Road,  Kensington,  London,  W. 
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1864.  Thomas,  Thomas,  19  The  Parade,  Cardiff. 

1874.  Thomas,  William  Henry,  l.*)  Parliament  Street,  Westminster,  8.W. 

1875.  Thompson,  John,  Highfielda  Boiler  Works,  EttingsbaJl,  near  Wolver 

hampton. 
1857.  Thompson,   Bobert,   Victoria   Chambers,  Wigan;   and   Standiah,    nea 

Wigan. 
1880.  Thompson,  Thomas   William,   Messrs.    Thompson   and   Gough,    Soutl 

Mersey  Ferries,  Birkenhead. 
1862.  Thompson,  William,  116  J'enchnrch  Street,  London,  E.C. 
1875.  Thorns,  George  Eastlake,  Borough  Engineer,  Town  Hall,  Wolverhampton 

1879.  Thomson,  David,  Messrs.  B.  Moreland  and  Son,  3  Old  Street,  St  Luke*a 

London,  £.0. 

1875.  Thomson,  James  Mclntyre,  Messrs.  John  and  James  Thomson,  Finniestoi 

Engine  Works,  36  Finnieston  Street,  Glasgow. 
1868.  Thomson,  John,  Messrs.  John  and  James  Thomson,  Finnieston  £ngin< 
Works,  36  Finnieston  Street,  Glasgow. 

1880.  Thornbery,  William  Henry,  Jun.,  45  Bull  Street,  Birmingham. 

1868.  Thome  will,  Bobert,  Messrs.  Thomewill  and  Warham,  Burton  Iron  Works 

Burton-on-Trent. 
1877.  Thornton,   Frederic   William,  Hydraulic   Engineering    Co..  7  Drapers 

Gkurdens,  Throgmorton  Avenue,  London,  E.C. 

1876.  Thornycroft,  John  Isaac,  Messrs.  John  I.  Thomycroft  and  Co.,  Steam 

Yacht  and  Launch  Builders,  Church  Wharf,  Chiswick,  London,  W. 
1875.  Thwaites,   William    Henry,    Messrs.    Thwaites   Brothers,   Vulcan   Iron 
Works,  Thornton  Boad,  Bradford. 

1875.  Tomkins,  William  Steele,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  Works, 

Manchester. 

1857.  Tomliuson,  Joseph,  Jun.,  Besident  Engineer  and  Locomotive  Superin- 
tendent, Metropolitan  Bailway,  Chapel  Street  Works,  Edgwara  Boad, 
London,  N.W. 

1867.  Tonks,  Edmund,  Brass  Works,  Moseley  Street,  Burmingliam. 

1876.  Trevithick,  Bichard   Francis,  Locomotive   Engineer,  Central  Argentine 

Bailway,  Bosario,  Argentine  Bepublio :  (or  care  of  M.  Trevithick,  The 

Ciiff,  Penzance.) 
1873.  Trow,  Joseph,   Messrs.  Willism    Trow   and    SonSt   Union    Foundiy, 

Wednesbury  ;  and  Holyhead  Boad,  Wednesbury. 
1866.  Turner,  Frederick,  Messrs.  E.  B.  and  F.  Turner,  St  Ptotei^a  Iron  Works, 

Ipswich. 
1876.  Tumey,  John,  Messrs.  Tumey  Brothers,  Trent  Bridge  Leather  Works, 

Nottingham. 
1873.  Turton,  Thomas,  Liverpool  Foige  Company,  Brmwwlek  Dook,  LivtfpooL 
1807.  TwoddeU,  Balph  Hart,  14  Delahay  Street,  Westminster,  &W. 
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Tyler,  Sir  Henry  Whatley,  K.C.B.,  M.P.,  Pymmee  Park,    Edmonton, 

Middlesex. 
Tylor,  Joeoph  John,  4  Storey's  Gtate,  WestminBter,  S.W. 
XjBOD,  Isaac  Oliver,  Onsegate  Iron  Works,  Selby. 

XJnawortb,  Thomas,  14  Bfarsden  Street,  Brown  Street,  Manchester. 
.  Unwin,  William    Cawthome,  Professor  of   Engineering,   Boyal    Indian 

Engineering  College,  OoopePs  Hill,  Staines. 
.  XJpward,  Alfred,  8  Queen  Anno*s  Gate,  Westminster,  S.W. 
.  TJrqtihart,   Thnmas,    LocomotiTe   Superintendent,  Grazi    and   Tsaritsin 

Bailway,    Borisoglebsk,    Bassia:    (or    care    of    John    Maolachlan, 

15  Hamilton  Street,  Greenock). 

).  Yalon,  William  Andrew  Mcintosh,  Engineer,  Bamsgate  Local  Board, 

Hardres  Street,  Bamsgate. 
2.  Yavaaseur,  Josiah,  28  Gravel  Lane,  Sonthwark,  London,  S.E. 
»5.  Viokers,  Albert,  Messrs.  Tickers    Sons   and  Co.,  Biver    Don    Works, 

Sheffield. 
SI.  Yickcrs,  Thomas  Edward,  Messrs.  Tickers  Sons  and  Co.,  Biver  Don 

Works,  Sheffield. 

^.  Waddington,  John,  85  King  William  Street,  London  Bridge,  London, 

E.O. 
t79.  Wadia,  Nowrosjee  Nesserwanjee,  Manager,  Manockjee  Petit  Manufacturing 

Co.,  Tardeo,  Bombay :  (or  care  of  Messrs.  Hick  Hargreaves  and  Co., 

Soho  Iron  Works,  Bolton.) 
^5.  Wailes,  John  William,  Patent  Shaft  Works,  Wednesbury. 
*>^«  Wainwright,  William,  Midland  Bailway,  Carriage  and  Wagon  Department, 

Derby. 
i^  WakefieLl,   John,   Locomotive    Superintendent,    Dublin   Wicklow    and 

Wexford  Bailway,  Dublin. 
^  Waldenstrom,  Eric  Hugo,  Manager,  Broughton  Copper  Works,  Broughton 

Boad,  Manchester. 
^,  Walker,  Alexander,  6  Llwyn  Terrace*  Oswestry. 
X  Walker,  Alfred,  Albion  Iron  Works,  Aldwark,  York. 
T,  Walker,  Benjamin,  Messrs.  Tunnett  Walker  and  Co.,  Goodman  Street 

Works,  Hunslet,  Leeds. 
^  Walker,  Bernard  Peard,  Eagle  Foundry,  Broad  Street,  Birmingham. 
t.  Walker,   Charles   Clement,   Midland    Iron    Works,    Donnington,   near 

Newport,    Shropshire;    and    Lilleshali    Old    Hall,    near    Newport, 

Shropshire. 
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1877.  Walker,  David,  Saperintendent  of  Engineering  Workahops,  King's  College 

Strand,  London,  W.G. 
1875.  Walker,  (George,  95  Leadenball  Street,  London,  E.G. 

1875.  Walker,  John  ScariBbrick,  Messrs.  J.  S.  Walker  and  Brother,  Pagefieh 

Iron  Works,  Wigan. 

1876.  Walkor,  Thomas  Ferdinand,  Ship's  Log  Manufacturer,  58  Oxford  Street 

Birmingham. 

1878.  Walker,  William,    Kaliemaas,   P^ace    Road,  West   Dnlwich,    London 

S.E. 

1863.  Walker,  William   Hugill,  Messrs.  Walker  Eaton  and  Ca,  Wicker  Iroi 

Works,  Sheffield. 
1878.  Walker,  Zaocheus,  Jun.,  Fox  Hollies  Hall,  near  Birmingham. 
1865.  Waller,  George  Arthur,  Messrs.  A.  Guinness  Son  and  Co.,  St  James'  Gat< 

Brewery,  Dublin. 
1868.  Wallis,    Herbert,    Mechanical  Superintendent,  Grand  Trunk  Bailwav, 

Montreal,  Canada. 

1865.  Walpole,  Thomas,  Messrs.  Boss  and  Walpole,  North  Wall  Iron  Works 

Dublin. 

1877.  Walton,  James.  28  Maryon  Boad,  Charlton. 

1876.  Ward,  William  Meese,  Limerick  Foundry,  Great  Bridge,  IHpton. 

1864.  Warden,  Walter  Evers,  Phoenix  Bolt  and  Nut  Works,  Handsworth,  ncai 

Birmingham. 
1856.  Wardle,  Charles  Wetherell,  Messrs.  Manning  Wardle  and  Co.,  Boyn< 

Engine  Worku,  Hunslet,  Leeds. 
1852.  Warham,  John  B.,  Messrs.  Thomewill  and  Warham,  Burton  Iron  Works 

Burton-on-Trent. 
1874.  Warner,  Edward,  Messrs.  Woods  Cocksedge  and  Co.,  Suffolk  Iroo  Worki 

Stowmarket. 
1858.  Waterhouse,  Thomas,  Claremont  Place,  SheflOeld.    (Lt/s  MemberJ) 
1862.  Watkins,  Richard,  Messrs.  Seaward  and  Co.,  Canal  Iron  Wotk%  Biillwall 

London,  E. 

1866.  Watson,  Robert,  Engineer,  Brereton  and  Hayes  Collieries,  near  Rogeloy. 
1879.  Watson,  William  Benny,  Messrs.  Mirrleos  Tait  and  Watson,  Engineer! 

Glasgow. 

1877.  Watts,  John,  Broad  Weir  Engine  Works,  Bristol. 

1877.  Waugh,  John,  Chief  Engineer,  Yorkshire  BoUer  Insaranoe  Mid  Slesn 

Users'  Co.,  29  Tyrrel  Street,  Bmdfoid. 

1878.  Woatherhead,  Patrick  Lambert.  3  Chausstfe  StraMK,  Berlin. 

IHtiS.  Webb,  Francis  William,  LooomotiTe  Snperintandent,  Loodoo  and  North 

Western  Bailway,  Ciewe. 
1870.  Weiss,  Hubert  August  Otto,  Meters.  Siemens  BroChen,  Telegnipli  Worin, 

Charlton,  Kent 
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Welch,  Edward  John  Cowling,  Palaoe  Chambers,  St.  Stephen's,  West- 
minster, 8.W. 

SS.  Wells,  Charles,  Moxley  Iron  and  Steel  Works,  near  Bilston. 

T€.  West,  Henry  Hartley,  Chief  Surveyor,  Underwriters*  Kegjistry  for  Iron 
Vessels,  18a  Exchange  Buildings,  Liyerpool. 

74.  West,  Nicholas  James,  Messrs.  Harvey  and  Co.,  Hayle  Foundry,  Hayle. 

77.  Western,  Charles  Robert,  Messrs.  Western  and  Co.,  Chaddesden  Works, 
Derby ;  and  Chaddesden  Hill,  Derby. 

77.  Western,  Maximilian  Bichard,  Messrs.  Western  and  Co.,  Belvedere  Koad, 

Lambeth,  London,  S.E. 
*C2.  Westmacott,  Perey  Graham  Buchanan,  Sir  William  G.  Armstrong  and  Co., 

Elswick    Engine    Works,    Kewcastle-on-Tyne ;    and    Benwell    Hill, 

Newcastle-on-Tynsu 
^.  Westmoreland,  John  William  Hudson,  228  Arkwright  Street,  Nottingham. 
^.  Weston,  Thomas  Aldridge,  care  of  J.  C.  Mewbum,  169  Fleet  Street, 

London,  E.C. ;  and  5  Bedford  Terrace,  Harpur  Street,  Bedford. 
90.  Westwood,  Joseph,  Jun.,  Messrs.  Westwood   Baillie  and  Co.,  Loudon 

Yard  Iron  Works,  Poplar,  London,  E. 
>7.  Wheatley,     Thomas,     Manager,     Wigtownshire     Bailway,     Wigtown, 

Wig^wnshire. 
6.  Wheeldon,  Frederick  B.,  Highfields  Engine  Works,  Bilston;    and   16 

Waterloo  Boad  South,  Wolverhampton. 
^.  White,  Henry  Watkins,  Chief  Engineer,  H.M.  Dockyard,  Simon's  Town, 

Cape  of  Good  Hope. 
^.  White,  Isaias,  Messrs.  Portilla  and  White,  Engineers  and  Iron  Ship 

Builders,    Seville,    Spain :    (or    care    of  Isaae  White,  Pontardulais, 

Llanelly.) 
G,  Whiteley,  William,  Messrs.  William  Whiteley  and  Sons,  Prospect  Iron 

Works,  Lockwood,  Huddersfield. 
^.  Whitham,  James,  Perseverance  Iron  Works,  Kirkstall  Rood,  Leeds. 
^  Whitley,  Joseph,  New  British  Iron  Works,  Corngreaves,  near  Birmingham. 
^.  Whitley,  Joseph,  Bailway  Works,  Hunslet  Road,  Leeds. 
B9.  Whittem,  Thomas  Sibley,  Wyken  Colliery,  Coventry. 
47.  Whitworth,  Sir  Joseph,  Bart.,  D.C.L.,  LL.D.,  F.R.S.,  44  Chorlton  Street, 

Portland  Street,  Manchester ;  and  Stand iffe,  Matlock  Bath. 
59.  Wickham,  Lamplugh  Wickham,  Low  Moor  Iron  Works,  near  Bradford. 

78.  Wicks,  Henry,  Superintendent,  Messrs.  Bum  and  Co.,  Howrah  Iron  Works, 

Howrah,  Bengal,  India. 
^  Widmark,     Harald     Wilhelm,      Helsingborgs      Mekaniska     Verkstad, 

Helsingborg,  Sweden. 
8.  Wigiam,  R^inald,  Messrs.  John  Fowler  and  Co.,  Steam  Plough  and 

Locomotive  Works,  Leeds. 


1.  MEMBEE8. 

1877.  Wilkinson,  Robert,  Engineer,  Lima  Water  Works,  Lima,  Pern :  (c 

Messfd.  Bates  Stokes  and  Co.,  Water  Street,  Liverpool.) 
1S74.  Williams,    David,    Manager,    Pontypool    Lron     and     Tinplate 

PoDtypool. 
18G5.  Williams,  Edward,  Cleveland  Lodge,  Middledbrough. 
1847.  Williams,  Bichard,  Patent  Shaft  Works,  Wedne»bury. 
1859.  Williams,  Bichard  Price,  38  Parliament  Street,  Westminster,  S.W 
1873.  Williams,  William  Lawrence,  Messrs.  Proctor  and  Williams,  SU 

and  TiJbot  Engine  Works,  Tustin  Street,  Old  Kent  Bead,  Lon^ 
1870.  Willman,  Charles,  Exchange  Place,  Middlesbrough. 

1878.  Wilson,  Alexander,  Messrs.  Wilson    Cammell    and    Co.,   Steel 

Dronfiold,  near  Sheffield. 

1872.  Wilson,    Alfred,    Messrs.    Howson    and    Wilson,    2    Exchange 

Middlebbrougli. 
1859.  Wilson,  George,  Messrs.  Charles  Cammell  and  Co.,  Cyclops  Steel  i 

Works,  Sheffield. 
1867.  Wilson,  Henry,  Phoenix  Brass  Works,  Stockton-on-Tees. 
1803.  Wilson,   John    Charles,    5    Westmioster    Chambers,     Victoria 

Westminster,  S.W. 

1879.  WiUon,  Joseph  William,  Principal  of  School  of  Practical  'E^agi 

Crystal  Palace,  Sydenham,  S.K 
1857.  Wilson,  Bubert,  F.B.S.E.,  Messrs.  Nasmyth  Wilson  and  Co.,  Brie 
Fomidry,  Patricroft,  near  Manchester. 

1880.  Wilson,  Bobert,  116  Queen  Victoria  Street,  London,  E.G. 

1873.  Wilson,  Thomas  Sipling,  care  of  Messrs.  James  Biaoiioff  and  ( 

St.  Helen's  Place,  London,  EC. 

1867.  Winby,  Frederick  Charles,  1  College  Street,  Nottingham. 

1872.  Winstanlcy,  Bobert,  Mining  Engineer,  32  St.  Ann's  Street,  Hanchc 
1859.  Winter,  Thomas  Bradbury,  53  Moorgate  Street,  London,  E.G. 

1872.  Wise,  WiUiam  Uoyd,  7  WhitehaU  Place,  London,  S.W. 

1871.  Withy,  Edward,  Messrs.  Withy  and  Co.,  Middleton  lion  Ship? 

Yard,  West  Hartlepool. 
1878.  Wolfe,  John  Edward,  Arthington,  Ton^nay. 
1878.  Wolfenden,  Bichard,  Chief  Engineer,  Chinese  Bevenne  Steemei 

Feiy,"  Shanghai,  China :  (or  care  of  Frederick  Degenaer,  ZethoM 

Hong  Kong,  China.) 
1878.  Wolfenden,  Bobert,  Engineer  and  Millwright,  Shanghai,  China: 

of  Frederick  Degenaer,  Zetland  Street,  Hong  Kong,  Ghioa.) 

1868.  Wood,  Lindsay,  Mining  Engineer,  Southhill,  near  Chester-le-8ti«et 
1876.  Wood,   Thomas,    Mining   Engineer,    North    Hetton     Coilicnea, 

Hooies. 

1873.  Woodhead,  John  Proctor,  54  John  Dalton  Street,  Hanohettar. 


UEMBratB.  IL 
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1974.  Wondell,    Thomfts    William,    London    and   NortU    Western    Railway, 
liOoomotiTe  Department,  Crewe. 

1877.  'UTorBSom,  Henry  John,  Messrs.  Q.  J.  Worssam  and  Son,  Wenlock  Bead, 

City  Boad,  London,  N. 
1876w  ^VITorsanm,   Samuel   William,    Oakley    Works,   King's    Road,    Chelsea, 

London,  S.W. 
1860.  'Wortluogton,  Samuel  Barton,  Besident  Engineer,  London   and  North 

Western  Bail  way,  Victoria  Station,  Manchester;  and  12  York  Place, 

Oxford  Boad,  Manchester. 

1866.  Wren,  Henry,  Messrs.  Wren  and  Hopkinson,  London  Boad  Iron  Works, 

Manchester. 
1870.  Wright,  George  Benjamin,  Goeoote  Iron  Works,  near  Walsall. 

1878.  Wright,  George   Howard,   Mining   Engineer,   12    Trumpington    Street, 

Camhridge. 
1876.  Wright,    James,    Messrs.    Ashmore    and   While,    Hope    Iron    Works, 
Bowesfield,  Stockton-on-Tees. 

1867.  Wright,  John  Boper,  Messrs.  Wright  Butler  and  Co.,  Elba  Steel  Works, 

Gower  Boad,  near  Swansea. 
1867.  Wright,  John   Turner,  Universe   Bope   Works,   Garrison   Street,   Bir- 
mingham. 

1859.  Wright,  Joseph,  Metropolitan  Bailway  Carriage  and  Wagon  Co.,  Saltley 

Works,  Birmingham ;  and  85  Gracechurch  Street,  London,  E.C. 

1860.  Wright,  Joseph,  Neptune  Forge,  Chain  and  Anchor  Works,  Tipton ;  and 

45  Islington  Bow,  Edgbaston,  Birmingham. 
1863.  Wright,  Owen,  Broadwell  Forge,  Oldbury,  near  Birmingham. 
1S78.  Wright,  William  Barton,  Locomotiye    Superintendent,   Lancashire    and 

Yorkshire  Bailway,  Victoria  Station,  Manchester. 
1871.  Wrightson,  Thomas,  Messrs.  Head  Wrightsou  and  Co.,  Teesdale  Iron 

Works,  Stockton-on-Tees. 
1865.  Wyllie,  Andrew,  Messrs.  Forrester  and  Co.,  Yauxholl  Foundry,  Vauxhall 

Boad,  Liyerpool. 

1877.  Wyrill,  Frederic  Christopher,  46  Schiller  Strasse,  Hannoyer. 

1878.  Yates,  Henry,  Brantford,  Ontario^  Canada. 

1880.  Yatee,  William,  Locomotiye  Works,  Lancashire  and  Yorkshire  Bailway, 
Miles  Flatting,  Manchester. 

1879.  Yeomans,    Dayid    Maitland,    13    Lexham    Gardens,    Cromwell    Boad, 

London,  W. 
1879.  Young,  George  Scholey,  Messrs.  T.  A.  Young  and  Son,  Orchard  Place, 

Blackwall,  London,  E. 
1874.  Young,  James,  Ifanaging  Engineer,  Lambton  Colliery  Works,  Fence  Houses. 
1879.  Young,  James,  Low  Moor  Iron  Works,  near  Bradford. 


liL  XIMBIBS, 

1861.  Yule,  WUliam,  Means.  J.  H.  Young  and  Co.,  53  Mill  Street,  B 
Glasgow. 

1880.  Ziffer,  Ferdinand  Henry,  Messrs.    Ziffer   and    Walker,   Boston 
Oxford  Street,  Manchester. 


ASSOCIATES. 

1880.  Allen,  William  Edgar,  Well  Meadow  Steel  Works,  Slieffield. 
1880.  Bagshawe,  Washington,  Messrs.  John  Spencer  and  Sons,  Newbi: 

Works,  NewoasUe-on-Tyne. 
1867.  Blinkhom,  William,  London  and  Manchester  Plate  Glass  Works 

Si  Helen's. 

1879.  Clowes,  Edward  Amott,  Messrs.  William  Clowes  and  Sons,  Dak< 

Stamford  Street,  London,  S.E. 

1866.  Crossley,  John,  British  Plate  Glass  Works,  Ravcnhead,  near  St  H 

1867.  Dewhnrst,  John  Bonny,  Bellevne  Cotton  Mills,  Skipton. 

1863.  Forster,    G^rge    Emmerson,   Contractor's   Office,    Washington, 

Dmrham. 
1865.  Gossell,  Otto,  41  Moorgate  Street,  London,  E.C. 
1878.  Grosvenor,  The  Right  Hon.  Lord  Richard  De  Aqoila,  MJ^.,  1: 

Brook  Street,  Grosrenor  Square,  London,  W. 

1880.  Haggle,  David  Henry,  Weormouth  Rope  Works,  Sanderland. 
1874.  Hardcastle,  Robert  Anthony,  Monk  Bridge  Iron  Works,  Leeds. 
1874.  Hurman,    James,  Traffic  Superintendent,  Taff  Yale   Railway, 

and  44  Ciiarles  Street,  CardiflEl 

1859.  Leather,    John    Towlerton,    Leyenthorpe    Hall,    near   Leeds. 

AsBoeiaie.) 
1805.  Longsdon,  Alfred,  2  Crown  Buildings,  Queen  Victoria  Street,  Ltnui 

1860.  Mauby,  Cordy,  Messrs.  Moore  and  Manby,  Castle  Street,  Dndlej. 

1868.  Matthews,  Thomas   Bright,    Messrs.    Turton    Brothers   and    M 

Phceniz  Steel  Works,  Sheffield. 
1874.  Paget,  Berkeley,  Low  Moor  Iron  Office,  2  LaurencA    Ponntni 

Cannon  Street,  London,  E.C. 
1865.  Parry,  Dayid,  Leeds  Iron  Works,  Leeds. 

1874.  Pepper,  Joseph  Ellershaw,  Clarence  Iron  Works,  Leeds. 

1877.  Render,  Frederick,  Crown  Com  Mills,  Stanley  Street.  SalfiMd^Hai 

1878.  Roeckner,  Carl  Heinrich,  4  Royal  Arcade,  Newoastle-on-Tyne. 

1875.  Schofield,   Christopher    J.,  Vitriol  and  Alkali    Worksb   Qayti 

Manchester. 


A8800IATX8.  liii. 

1878.  Stuart,  James,  ProfesBor  of  Mecbaniom  in  Cambridge  University,  Trinity 

College,  Cambridge. 
18G9.  Tarley,  John,  Famley  Iron  Works,  Leeds. 

1877.  Yial,  Eoiiqne  de,  Muelle  No.  14,  Santander,  Spain :  (or  care  of  Messrs. 

Alexander  Bell  and  Sons,  8  Fitich  Lane,  Loudon,  E.C.) 
1875.  Waslekar,    Nanaji    Narayan,   care   of   Anglo-Vernacular    Press,    New 
Nagpada,  Tank  Street,  Bycalla,  Bombay,  India. 

1878.  Watson,  Joseph,  Attorney  General's   Chambers,  New  Court,    Temple, 

X<ondon«  KC. 


GRADUATES. 

1874.  Allen,  Frank,  Messrs.  Allen  Alderson   and   Ca,    Gracechurch    Street, 

Alexandria:  (or  -care  of  Messrs.  Stafford  Allen  and  Sons,  7  Cowper 

Street,  Finsbury,  London,  E.C.) 
1880.  Anderson,  Edward  William,  Messrs.  Eastons  and  Anderson,  Erith  Iron 

Works,  Eiith,  London,  S.E. 
1878.  Appleby,  Cbarles,  Jun.,  Messrs.  Appleby  Brothers,  East  Greenwich  Works, 

London,  S.E. 

1878.  Armstrong,  Joseph,  Great  Western  Bailway  Worki*,  Swindon. 

1872.  Armstrong,    Thomas,  2  Westminster  Chambers,  Victoria  Street,  Weat- 
minster,  8.W. 

1879.  Arteaga,  Alberto  de,  care  of  Juan  J.  de  Arteaga,  Rincon  62,  Monte  Video, 

Uruguay :  (or  care  of  Messrs.  Hartog  Reeves  and  Ck).,  13  CuUum  Street, 
London,  KC.) 

1879.  Begot,  Alan  Charles,  Messrs.  Apps  and  Bagot,  433  Strand,  London,  W.C. 
18^.  Bainbrldge,    Emerson,    Nunnery    Colliery     Offices,     New    Haymarket, 

Sheffield. 

1880.  Benhani,  Percy,  Messrs.  Benhom,  50  Wigmore  Street,  London,  W. 
1880.  Birkett,  Herbert,  Messrs.  J.  and  E.  Hall,  Iron  Works,  Dartford. 

1880.  Bright,    Thomas    Smith,    Messrs.   Hutchins  and  Bright,  Nott   Square, 

Carmarthen ;  and  Glannant,  Carmarthen. 
1878.  Brooke,  Arthur,  Messrs.  6.  J.  Worssam  and  Son,  Wenlock  Road,  City 

Road,  London,  N. 
1880.  Buckle,  William  Harry  Ray,  Messrs.  R.  and  W.  Hawthorn,  Newcastle-on- 

Tyne. 

1878.  Bnddicom,  Harry  William,  Penbedw  Hall,  Mold,  Flintshire. 

1879.  Burnet,  Lindsay,  167  St  Vincent  Street,  Glasgow;  and  38  Albany  Street, 

Leith. 
1879.  Dady,  Jemse^ee  Nesserwanjee,  4  Cawasjee  Patell  Street,  Fort,  Bombay, 
India. 


Ht.  graduates. 

1876.  DariB,  Joeeph,  Lancashire  and  Torkahire  Bailiray,  Engineer's    OflSo 

Manchester. 
1875.  Dawson,  Edward,  The  Cottage,  Chilton  Moor,  Fence  Housea. 
1873.  Dohson,  Bichard  Joseph  Caistor,  Gkmor  Fabrik,  Kendal,  Samarang,  Jstb 

(or  care  of  Charles  R  S.  Dobson,  4  Chesterfield  Bnildings,  Victori 

Park,  Clifton,  Bristol) 
1868.  Dogard,  William  Heory,  Messrs.  Dngaid  Brothers,  Vulcan  Boiling  Mill 

Bridge  Street  West,  Summer  Lane,  Birmingham. 

1873.  Edmunds,  John  Sharp  WUbraham,  Sheepcote  Street  Works,  Sheepoot 

Street,  Birmingham. 
1875.  Ffolkes,  Martin  William  Brown,  28  Daries  Street,  Grosrenor  Squan 

London,  W. 
1880.  FranciB,  Archibald  Adley,  LooomotiTe  Works,  Great  Eastern  Bailwai 

Stratford,  London,  E. 
1879.  Frossard,  Charles  Edouard,  Atlas  Iron  Works,  Gloucester. 

1878.  Greig,  Aifxed,  Messrs.  John  Fowler  and  Ca,  Steam  Plough  and  LoeomotiT 

Works,  Leeds. 
1877.  Heatou,  Arthur,   Messrs.  Heaton  and  Dugard,  Metal  and  Wire  Worla 
Shadwell  Street,  Birmingham. 

1874.  Hedley,  Henry,  Coppa  Colliery,  near  Mold,  Flintdhire. 
1874.  Hedley,  Thomas,  13  Elm  Vale,  Fairfield,  Liverpool. 

1879.  Henriques,    Cecil    Quixam,  5  Westminster  Chambers,  Victoria    Street 

Westminster,  S.W. 
1879.  Hesketh,  Everard,  Messrs.  J.  and  E  Hall,  Iron  Works,  Dartford. 

1867.  Holland,  George,    Mechanical    Department,    Grand     Trunk     Bailwsj 

Montreal,  Canada. 

1879.  Howard,  J.  Harold,  Britannia  Iron  Works,  Bedford. 

1877.  Jeffreys,  Edward  Homer,  Monk  Bridge  Iron  Works,  Leeds:   and  Giptoi 

Lodge,  Leeds. 

1880.  Jenkins,    Bhys,    Messrs.    John    Fowler   and    Co.,    Steam    Plough  an< 

LooomotiTe  Workp,  Leeds ;  and  6  Grove  Terrace,  Leeds. 
1879.  Lowthian,  George,  8  Dehihay  Street,  Westminster,  S.W. 

1878.  Mannock,  Thomas,  Messrs.  Higgjnbottom  and    Mannock,   Crown    Iruc 

Works,  Hyde  Boad,  West  Gorton,  Manchester. 

1868.  Mappin,  Frank,  Messrs.  Thomas  Turton  and  Sons,  Sheaf  Works,  Sheffield. 

1867.  Mitchell,  John,  Swaithe  Colliery,  Bamsley. 

1868.  Moor,  William,  Jun.,  Hetton  Colliery,  Hetion,  near  Fence  Houaea. 
1872.  Kapier,  Bobert  Twentyman,  Yoker,  Dumbartonshire. 

1878.  Newall,  John  Walker,  Egerton  Iron  Works,  Windsor  Street,  Salfeid, 

Manchester. 
1876.  Owen,    George    Charles   Mickleboigh,   Meehanieal   Engineer's   OiBce^ 

London  and  North  Western  Bailway,  Crewe. 


GBADUATSS.  Iv. 

\880.  Paraons,   The  Hon.  Cbarles  Algeruon,  Sir  W.  G.  Armstrong  and  Co., 
Slswick,  Newcaatle-on-Tyne ;  and  21  Budle  Street,  Newca8tleK)n-Tyne. 
1880.  Pateraon,  Walter  Saunden*,  London  Brighton  and  South  Coast  Bailway, 

Liooomotive  Department,  London  Bridge,  London,  S.E. 
1867,  Pearaon,    John    Edward,    Golbome    Park,   near     Newton-le-Willows, 

Lancashire. 
1870.  Pearson,  Thomas  Henry,  Moss  Side  Iron  Works,  Ince,  near  Wigan. 
1879.  Phillips,  Bobert  Edward,  37  Great  George  Street,  Westminster,  S.W. 
1875.  Sheppard,  Herbert  Gumey,   Imperial  Brazilian  Natal  and  Nova  Cruz 
Hallway,  Natal,  Peraambuco,  Brazil:  (or  care  of  C.  L.  Sheppard,  The 
Hall,  Welwyn.) 

1879.  Solly,    Arthur   John,    care    of   R.    H.    TweddeU,  14    Delahay    Street, 

Westminster,  S.W. 

1877.  Spielmann,  Marion  Harry,   16   Linden    Gardens,  Kensington  Gardens, 

London,  W. 

1874.  Taylor,  Artimr,  Pontgibaud  Lead  Works,  Puy  de  Dome,  France;  and 

6  Queen  Street  Place,  Upper  Thames  Street,  London,  E.G. 

1878.  Waddington,  John,  Juu.,  35  King  William  Street,  London  Bridge,  London, 

E.C. 

1875.  Walker,  Arthur  Henry,  Guild  Hall  Chambers,  Cardiff. 

1880.  Weymouth,  Francis  Marten,  Mill  Hill,  London,  N.W. 

1877.  Whitelock,  William  Thomas  Grant,  Bowling  Iron  Works,  near  Bradford. 

1878.  Whytehead,  Hugh  Edward.  88  West  Hill,  Sydenham,  London,  S.E. 
1868.  Wicksteed,  Joseph  Hartley,  Well  House  Foundry,  Meadow  Hoad,  Leeds. 

1879.  Wood,  Edward  Walter  Nay  lor.   Assistant   Resident  Engineer,  Harbour 

Works,  Holyhead. 
l$8ii.  Wood,  John  Mack  worth,  3Ieasrs.  Henry  Pontifex  and  Sons,  Albion  Works, 
King's  Cross,  London,  N. 

1880.  York,  Francis  Colin,  Rock  Terrace  House,  Shifnal. 
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'V  1.  Btlyiun    Mill,  BtmJi  Sleya/uift.. 
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STEEL-COMPRESSION    BY    STEAM.    PlaU- S*. 
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Institution  of  glwbanical  (Engineers. 


10  Victoria  Chambers,  London,  8.W. 

January^  1881. 

Dear  Sib, 

Since  the  publication  of  the  last  number  of  Proceedings, 
'or  August  1880,  an  error  has  been  pointed  out  to  me  in  the 
'ertical  scale  of  the  high-pressure  diagrams,  Plate  66,  by  which 
he  difference  in  pressure  between  the  boiler  and  cylinder  is 
nade  to  appear  very  much  greater  than  it  really  was.  To 
correct  this  mistake  the  plate  has  been  re-drawn,  and  a  copy  of 
he  corrected  plate  is  sent  you  herewith,  having  a  gummed  edge 
lext  the  hinge.  Kindly  have  this  inserted,  according  to 
lirections  below,  in  the  copy  of  Proceedings  which  was  sent  to 
^ou. 

Apologisijjg  for  the  error,  and  for  the  trouble  thus  occa- 
noned  to  you,  I  remain. 

Yours  truly, 

WALTER  11.  BROWNE, 

Sevreianj, 


DUtBCTIONS. — Moisten  the  guminod  edge  of  the  new  Plato  6G. 
Hace  the  new  Plato  60  in  front  of  the  old  Plato  OG,  and  press  them 
o^ether,  w)  that  they  may  adiiere  by  tlie  gum  at  the  edge.  Leave  the 
^m  to  dry,  and  finally  out  off  the  old  plate  along  the  e<lge  of  the  gum, 
eaving  the  new  platt*  in  its  [)lacr. 
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